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ABSTRACT

Processing of data taken with the U.S. Geological Survey's coal-
seismic system is done with a desktop, stand-alone computer. Programs
for this computer are written in the extended BASIC language used by the
Tektronix 4051 Graphic System. This report discusses and presents a set
of computer programs to produce one-dimensional synthetic seismograms,
and includes two coal-seismic examples of their application.

INTRODUCTION )

A one-dimensional synthetic seismogram is a computer-generated time
series showing what a single trace on a seismic reflection record would
look 1like for a given set of parallel reflection horizons when both the
seismic source and receiver are located on a common normal to the hori-
zons. The artificial record is manufactured (Sheriff, 1973, p. 212-213)
by convolving a reflectivity function with a specified waveform. An
excellent introductory description of the synthetic seismogram is given
by Anstey (1982, p. 52-60). Most modern textbooks, for example, Waters
(1978, p. 111-118), discuss the fundamental concepts upon which the syn-
thetic seismogram is based.

The programs of this report compute and display one-dimensional
synthetic seismograms for a shallow-depth seismic model constructed of a
limited number of discrete layers of constant density and velocity.
Computations are made in the time domain. Waveforms of different shape
and duration can be chosen, multiple reflections can be introduced, and
a variety of time-dependent gain functions can be applied.

The computational procedures presented in this report differ from
those commonly used in oil and gas exploration in several important
aspects:

1. The target depths for coal exploration are shallower, thus the
effects of near-surface layers cannot be ignored, a common practice in
construction of oil-related synthetic seismograms.

2. Because sonic logs usually are not included in the suite of logs
taken in areas considered for coal mine development, the reflectivity
series cannot be derived from them. Also, exploratory drill holes
generally are not taken to depths much beyond the base of the coal
benches and fluid in the holes may not extend to the surface, thus even
if a sonic log was taken, its data range would be small relative to that
covered by the reflection seismograph.

3. Some question exists as to the applicability of the zero-phase
and/or Ricker wavelet for shallow reflecting horizons; therefore, pro-
vision is made in the programs of this report for use of an approxima-
tion to the minimum-phase wavelet (Sheriff, 1973, p.141-142, 186, 248),
an arbitrary wavelet, and a wavelet obtained directly from a downhole-
vélocity-survey seismogram--these three wavelets may be more appropriate
for reflections whose arrival times are less than 100 msec.

4. Because amplitude considerations are of such importance in coal
seismics, the programs of this report offer four distinct methods of
displaying the synthetic seismogram: (1) fixed gain over the entire
record, (2) fixed and/or linear gain within specified time intervals,
(3) an AGC (adaptive gain control) procedure based on development of a
digital gain-normalization curve (N. S. Neidell, 1979, oral communica-
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tion) that smoothly connects rms values within selected windows, and (4)
a PGC (programed gain control) of selectable half-value time.

5. Finally, because a desktop computer cannot match the computing
power of machines at commercial data processing centers, a smaller num-
ber of layers can be handled; therefore, the composite effect of many
small acoustic-impedance changes cannot be evaluated by our programs.

Because coals occur in non-marine sections that often do not exhi-
bit extended stratigraphic continuity, one should not expect that a
single synthetic seismogram could categorize the seismic response within
a specific coal field, particularly for coal fields of the western
United States. One of the uses of a set of synthetic seismograms is to
gain insight into the anticipated character changes that may occur in
the seismic records taken over an entire coal field.

Four programs are required to produce the synthetic seismograms of
this report--the functions of these programs are as follows:

1. enter data and develop acoustic impedance and reflection

coefficient section,

2. develop time/depth section and reflectivity series,

3. generate and store Fourier coefficients of wavelets, and

4. compute and display synthetic seismogram. .
These four programs (the fourth program being divided into two programs
because of limited computer memory) are listed at the end of the report.
An appendix contains a discussion and listing of a program to compute a
sample problem. Results computed by the sample-problem program can be
used as input data to the first program listed above.

These data processing procedures were developed as part of the U.S.
Geological Survey's coal-seismic system. All computer programs were
written in an extended BASIC language developed by Tektronix, Inc. for
use with their 4051 Graphic System. Three pieces of Tektronix computing
equipment are required by the programs: a 4051 Graphic System with a
32K-byte memory, a 492/ Digital Cartridge Tape Drive, and a 4631 Hard
Copy unit. Optionally, the Tektronix 4662 Interactive Digital Plotter
may be employed if one wishes to produce a higher quality display.

All programs are self-prompting. In working through a sample
problem, the user will notice that the programs print questions and
requests followed by a flashing question mark. The computer then waits
for a response from the keyboard. Replies entered in order to run the
sample problems are enclosed in boxes hand drawn on the figures.

The last part of the report conteins an example of the use of syn-
thetic seimograms as a modeling tool to study reflections from two
merging coal beds.

_ The seismic section chosen to illustrate the programs of this
report was drawn from fragments of real data and then modified so as to
create a sample problem to illustrate the ideal seismic records that for
specified wave forms would be observed over a section containing a thin
coal bed and a thicker coal bed containing a parting.

With the exception of the simulated sonic log data expressed in
microsec/ft, all quantites are in metric units.



DISCUSSION OF PROGRAM TO ENTER DATA AND CONSTRUCT
ACOUSTIC IMPEDANCE AND REFLECTION COEFFICIENT SECTION

Two types of data are entered: those developed from a forward
model, and those from field observations. The forward model and a dis-
cussion of the program used to generate it are given in the appendix.
The "field data™ used to demonstrate the program are also derived from
the model, but treated as though they were taken in the field.

The first program (instead of using the long title, let us call it
program 1) begins by asking if you want to work with sample problem
data; that is, results produced by the forward modeling program. If you
reply with a Y (fig. 1), then you are prompted to enter the file number
in which the sample problem data are stored, the number assigned to the
sample problem, and the date on which either the sample problem was
computed or the date on which program 1 was run--your choice. Next you
are asked if you want to store the results produced by program 1 on a
data tape, and if so, within which file. After you reply that you want
to plot the results, you are prompted to enter the minimum and maximum
values of the variates to be plotted and the tickmark interval for each.
Following these entries (fig. 1), the plot is made on the screen, a hard
copy of which is shown on figure 2.

ENTER DATA AND COHSTRUCT ACOUSTIC IMPEDAMCE AND REFL. COEFF. SECTIONW
DO YOU HWAHT TO WORK WITH SAMPLE PROBLEM DATA? (Y-N) E] .

INSERT DATA TAPE IN 4924  FILE NUMBER = (39]

Sample prob no.(2 charymax)> = 9] ___

Date computed (12 charymax) = HOU_1982

DO YOU WANT TO STORE RESULTS ON A DATA TAPE? (Y/H) [?
NUMBER OF FILE ON WHICH DATA ARE TO BE STORED = (48

00 YOU HANT TO PLOT RESULTS? CY/H) [¥]

ENTER PLOT-LIMIT VALUES

Depths range from 6 to 140 net
Min. depth on plot =|0
Max. depth on plot = {140
Depth tickmark interval =|(10

Densities range fron 1.3 to 2.6 _gn-cc
Hin., density on plot =i,

Max. density on plot =|2.7
Density tickmark interval =}, 3

Velocities range from 0.3 to 3.6 n/msec
Min. velocity on plot = {0
= |4
= {1

Max. velocity on plot
Velocity tickmark interval

Refl coeff’s range from -06.4375 tg 0.4375
Min. refl coeff on plot = |-

Max. refl coeff on plot =)0,

“Refl coeff tickmark interval =

A

Inpedances range from 0.45 to 9.36 x 161-9 kg /nt2s
Min. inpedance on plot =

Max. impedance on plot = |10
Inpedance tickmark interval =

N o=

Figure 1. Copy of screen display of entries made with program 1 when
use of forward-model results is selected.
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Figure 2. Copy of screen display showing results produced by program 1
when applied to forward-model data. Variate ranges and tickmark
intervals are those entered on figure 1.

The normal-incidence reflection coefficients (center panel of fig.
2) are obtained by dividing the difference in acoustic impedance (velo-
city times density within a discrete layer) between contiguous layers by
the sum of their acoustic impedances. Note that the coal layers, iden-
tified by their low density and velocity, exhibit large reflection
coefficients and thus would be expected to produce strong reflections--
this is the basis upon which the hope of using the reflection seismo-
graph to map coals rests. But as we shall see as we continue our study
of the synthetic seismogram program, though acoustic impedance mismatch
is important, other factors also contribute to reflection strength.

Before leaving inspection of figure 2, note that the change in
acoustic impedance between the air and first layer (a mismatch that pro-
duces a reflection coefficient almost equal to one) is not displayed.
This omission occurs because the source point and detector are coinci-
dent on the surface. However, when multiple reflections are considered,
a reflection coefficient almost equal to unity is not to be dismissed--
unless we choose to suppress its effect. This point is introduced to
emphasize that a mathematical model only produces what it has been
programed to produce--the real world does not respond as submissively.

Following the making of the plot, you are asked (fig. 3) if you
want to replot. If you reply with a Y, you are returned to that part of



the program at which you were asked to enter plot-limit values (see fig.
1); if you answer with an N, you are instructed to insert a data tape in
the 4924 unit (if you had previously elected, fig. 1, to store results).
After data are stored, a read-after-write operation is performed.

DO YOU MANT TO REPLOT? CY/N) E

INSERT DATA TAPE TO STORE RESULTS IN 4924
LENGTH OF FILE REQUIRED = 768

DOES FILE HAUE SUFFICIENT LEHNGTH? (Y/H)
DATA STORED IN AND RETRIEUABLE FROM FILE 40

PROGRAM COMPLETED

Figure 3. Copy of screen showing remainder of entries for program 1
vwhen data derived from a forward model have been used.

The procedure to enter field data is initiated if you answer the
first question of program 1 with an N (fig. 4). Next you are asked if
acoustic and density log date are to be entered. If data from an acous-
tic and density log are available (a Y response), data entries for three
zones are required: zone 1, above the logged interval; zone 2, within
the logged interval; and, zone 3, below the logged interval. If you had
answered with an N, only data from zone 1 would be entered. In order to
illustrate the full procedure, let us assume sonic and density logs had
been taken over part of the section.

After prompts are given for entry of information about the area and
the site, you are directed to enter data for zone 1 (the section above
the logged interval). If the logs extend to the surface, then you would
enter a zero for the number of layers in zone 1, following which the
program would require you to enter data from zone 2.

The entry of data for zone 1 is straightforward. First you enter
the number of layers in zone 1 and then the thickness, density, and
velocity of each layer, as shown on figure 4. Values for entry of zone
1 data ere obtained from a combination of observed data (from downhole
velocity surveys), density-log data, refraction data (with allowance
being made for anisotropy), and informed guesses.

At commercial data processing centers, log data generally are read
into the programs either through the use of a digitizer (if only analog
data are available) or directly from a digital storage medium. In the
program of this report, in recognition of the limited memory of the com-
puter, a different approach is used--one in which a balance is struck
between decrease in memory and increase in judgment.

Illustration of this procedure is best shown by working through an
example. Let us assume the interval from 20 to 104 m (fig 2.) was log-
ged with density and sonic tools. We can proceed in one of two ways:
read and enter the density and velocity at every sample interval (for
example, every meter) or break the log into segments and then read and



ENTER DATA AND CONSTRUCT ACOUSTIC IMPEDANCE AND REFL. COEFF. SECTION

PO YOU MANT TO WORK WITH SAMPLE PROBLEM DATA? (YA{)E]

ARE ACOUSTIC AND DENSITY LOG DATA TO BE ENTERED? (¥/H>
NOTE: ALL QUANTITIES IN METRIC UNITS EXCEPT TRANSIT TIMES

OM ACOUSTIC LOGS WHERE UMIT 1S MICROSECOMDS.FOOT.
HQRSHAEL COAL FIELD

o}

Area name (20 char,max?

Site designation (7 charymax)
Date computed (12 charesmax?
Lat. of site (10 chary max)
Long of site (11 char, max)
County & State (23 char,max?

Elevation of site center

MHO. OF LAYERS IN 20HE 1 =
LAYER HO. LAYER JHICKHESS

NB LN

ENTER DEPTH-SEGMENT DATA FOR
NUMBER OF SEGMENTS

Depth to top of seament
Depth to base of seanent
Sl within segnent

Depth to top of segment
Depth to hase of seanent
SI within segment

Pepth to ton of segnent
Depth to base of seguent
SI within seguent

Depth to top of segnent
Depth to hase of seamnent
Sl within segment

Depth to top of seguent
Depth to hase of segment
Sl within segmnent

Depth to top of seament
Depth to base of seguent
SI-within segnent

ANN UUU 2ad WK NN e

LAYER_DENHSITY

PROB &
11 HOU 1982

39 11 22
165 33 44
BOULDER, COLORAD

LOGGED INTERVAL

[5e B3 O3 O B2 B2

3

LAYER L

Figure 4. Copy of first three screen displays showing entries made for

program 1 when the use of field data is selected.

In this example,

data from acoustic and density logs were taken over that part of
the section from 20 to 104 ms.



enter data at selected intervals within each segment. Consider, for ex-
ample, entry of data for a 100-m thick shale section within which the
velocity and density are almost constant. Here it would be much faster
to enter one density and one velocity than to enter 101 values of
density and velocity at an interval of 1 m. But this is a case where
compromise caused by lack of computing power may cause loes of signifi-
cant results--it being well known that layers of alternating acoustic
impedance can produce large multiple reflections.

For the sample problem, figure 4, the logged interval was broken
into six segments, the first of which begins at the base of zone 1 and
extends to a depth of 38 m. Sample interval (SI) within segment 1 is
taken to be 18 m; thus, only one transit time and one density are con-
sidered (fig. 5). For segment 3, we have elected to enter three sets of
time/density data at intervals of 5 m.

EHTER TRANSIT TIMES AND DENSITIES
DEPTH  TRANSIT TIME  VELOCITY  DENSITY IMFEDANCE X 10%-9

TOP, nicrosec-ft N nsec gn-cc k9 /(nt2s)
SEGMENT & §
20 1?9 1.762¢ 2.1 3.57%¢9
SEGMENT & 2
38 152 2.0053 2.2 4.4116
SEGMENT # 3
58 102 2.9882 2.5 7.4706
63 122 2.4984 2.31° $.7452
68 122 2.4984 2.3 5. 7462
SEGMENHT #» 4
73 122 2.4984 2.3 5.7462
74 122 2.4984 2.3 5.74€2
ré] 169 1.8026 1.3 2.3446
6 117 2.6051 2.3 5.9918
SEGMENT & S
77 117 2.6051 2.3 5.9918
SEGMENT 8 6
89 117 2.6051 2.3 5.9918
90 169 1.8036 1.3 2.3446
91 169 1.8036 1.3 2.344¢
92 169 1.8836 1.3 2.3446
93 152 2.0053 2.2 4.4116
94 152 2.08053 2.2 4.4116
95 169 1.8836 1.3 2.3446
96 169 1.8036 1.3 2.3446
97 169 1.8036 1.3 2.3446
98 169 1.8036 1.3 2.3446
99 132 2.6053 2.2 4.4116
1606 139 2.1928 2.3 5.0435
101 127 2.40600 2.4 S$.7600
162 117 2.6031 2.4 6.2%523
103 11? 2.6051 2.4 6.2522
| —

Figure 5. Example of entry of density and sonic log data.



After data in the logged interval (zome 2) have been entered, you
are prompted (as shown on fig. 6) to enter data for zome 3 following
which you are asked if you want to store and plot results.

NO. OF LAYERS IN 20ME 3 = 3
Lawlsn NO. LAYER THICKMESS LAYER DENSITY  LAYER ums.ocnv
2 E;] 3.2

3 3.6

D0 YOU WAHT TO STORE RESULTS ON A DATA TAPE? <(V/N» m
HUMBER OF FILE OH WHICH DATA ARE TO BE STOPED = |4€

DO YOU WANT TO PLOT RESULTS? (Y/H) .

Figure 6. Example of data entered for zone 3.
Figure 7 shows plot-limit values entered and the resulting plot.

Next you are asked if you want to replot. If you answer with a Y,
then you are returned to that section of the program in which you are
prompted to enter plot limits; if you reply with an N, then you are in-
structed as to how to file the data (fig. 8).

DO YOU WANT TO REPLOT? (V~-H) E

INSERT DATA TAPE TO STORE RESULTS IH 4924
LENGTH OF FILE REQUIRED = 768

DOES FILE HAUE SUFFICIENT LENMGTH? (Y/H)
DATA STORED IN AND RETRIEVABLE FROM FIL 0

PROGRANM CQHPLETED
Figure 8. Copy of screen display showing prompts for storing data.

Data computed from the first program (the impedance and reflection
coefficient, Z & RC, program) are stored on tape and are used as data
input for the second program (the time/depth and reflectivity series,
T/D-RS, program).



ENTER PLOT-LIMIT UALUES
Devths range from 0 to 140 meters

Min. depth on pliot = @
Max. derth on plot = @
Depth tickmark interval = [§§ .

Densities range from 1.3 to 2.6 gm/cc
Min. density on plot =

Max. density on plot =
Density tickmark interval =

Uelocities range from 8.3 to 3
Bin. velocity on plot =

Max. velocity on plot =
Yelocity tickmark interval =

Refl coeff’s range from -8.4375_to 0.427S
Min. refl coeff on plot = [-@

Max. refl coeff on plot = ﬁ
Refl coeff tickmark interval = @

Impedances range from 0,45 to 9 x 101=-9 kg mt2s
. Min. impedance on plot =
Max. impedance on plot =
Impedance tickmark interval s 2

Area:MARSHALL COAL FIELD Site:PROB #9 Date:ll NOV 1982 To file 40
-== INT. DEN. IN gmrcc --- REFL COEFF INP. %x19t-9 INH kg m12s
< 2 -0.4 0 2

o 2 0.4
10 b
20 e—
1
30 |
) _'
E 40 “‘:
P ]
T S !
" -
€0 _
1 '
H 70 H
M ge I
¢ : :
e N ——
=== T ==
g 100 '———-—-J—-:-hu' —
110 :
120 ' I' |
- ﬂ o
130 H
[ ]
140 1.0 2.0 3.0 LAT.= 39 11 22  LONG.=195 33 44
INT. VEL. IN m/nms BOULDER., COLORADO ELE!'=1502m

Figure 7. Copy of screen display showing plot-limit values and plot
produced when field data are entered into program 1.



DISCUSSION OF PROGRAM TO DEVELOP TIME/DEPTH
SECTION AND REFLECTIVITY SERIES

The program begins (fig. 9) by instructing you to enter the data
tape of the first program in the 4924 and then enter the file number in

DEVELOP TINE-DEPTH (T/D> SECTION AND REFLECTIVITY SERIES (RS)
INSERT Z & RC DATA TAPE INH 4924  FILE NUMBER = (49] i

D0 YOU HWANT TO ST RESULTS OH A T-D & RS DATA TAPE? (Y/N)
FILE NUNBER =

° DO YOU WANT TO INCLUDE THO-BOUNCE MULTIPLES? <YM [K]
DO YOU MANT PLOT OF VEL, T-D, AND REFL SERIES? <Y-H) [¥]

Figure 9. Copy of screen display showing first entries for program 2.

which these data are stored, following which you are prompted to enter
the number of the file in which results of the second program are to be
stored. Next, you ere asked if you want to include two-bounce multiples
in the construction of the reflectivity series--to be discussed later in
this report. Lastly, you are asked if you want to plot the velocities,
the time/depth section, and the reflectivity series.

If your computer has more memory than the 32 K-byte desktop compu-
ter for which these programs were developed, then no reason exists for
not combining the first and second programs of this report. In this
way, one would not need to generate a date tape to carry data from the
first to the second program.

Let us begin this second program by developing the reflectivity
series without multiple reflections. In the first program, reflection
coefficients are developed solely on the basis of acoustic impedance
difference between contiguous layers and they are plotted as functions
of depth. In the second program, the reflection coefficients are com-
puted as functions of reflection time and the coefficients include
across-layer-transmission and spherical-divergence losses.

Figure 10 shows copies of screen displays showing plot-limit values
entered and the plot produced using the results of program 1 as input to
program 2. Note on comparison of figures 7 and 10 that whereas in
figure 7 the largest reflection coefficients occured at the boundaries
of the coal seams, on figure 10 the largest reflection coefficient
occurs at a reflection time of 20 ms, the reflection time from the base
of the first layer. Thus, as stated earlier in this report, although
the magnitude of the acoustic-impedance mismatch between layers is an
important contributor to the reflectivity series, it is not the only
factor to be considered.

Three kind of velocity as functions of reflection time are plotted
in the left panel of figure 10: interval velocity, average velocity

10



ENTER PLOT-LINMIT VALUES
Reflection time to top of layer 1 = [3]

Primary reflections range from 20 to 182.064142332
Min. reflection time on plot =[B

Max., reflection time on plot = (200

Refl. time tickmark interval =[20

Uelocities range from 8.3 to 3.6
Min. velocity on plot =
Max. velocity on plot =
Vglocity Cickmark interval =

Refl coefé’s range from -9.0019 8 46247 to 0.0290519877676
Min. refl coeff on plot =[-8,
Nax. refl! coeff on plot = [0.035
Refl coeff tickmark interval =10.03
Depths range from @ to 140
Min, depth on plot =
Max. depth on plot =
Depth tickmark interval =

140
20

Area: MARSHALL COAL FIELD Hole: PROB #9 Date logged: 11 NOU 1962

VELOCITIES IN KM-/SEC REFL COEFF DEPTH IN METERS
0 3.9 9.0 9,03 i

20 S

40

NN

100

120

140 4

VX T MEmt ZO-AOM-NIMD

169

_ 200 RUE. VEL +44+4 RMS UEL xxxx LAT.® 39 i1 22 LONG.=105 33 44
DATE FROM FILE:4@§RESULTS TO FILE:41 BOULDER, COLORARDO ELEV=1502M

Figure 10. Plot-limit values and plot produced by second program upon
entry and computation of data from the first program. The center
panel shows the reflectivity series for the illustrative problem
whose interval, average, and rms velocities are shown on the left,
end whose depth vs. reflection time curve is shown on the right.
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(1ine segments connecting plus signs), and root-mean-square (rms) velo-
city (line segments joining x's). The reflection-time versus depth
function is shown in the right panel. Although these plots are not
required in the construction of the synthetic seismogram, they are
instructive in that they allow one to anticipate refraction arrivals and
their relation to reflection arrivals, and also they offer a quick means
of detecting gross errors in data acquisition and entry.

After the plot is made, you are asked if you want to replot. An
example of a replot with plot limits chosen so as to detail the reflec-
tion-time section from 120 to 200 ms is shown on figure 11.

Much can be learned by study of a plot such as that shown on figure
11. For example, note that though the velocity difference is greater at
the base of the thin coal bed (a reflection time of about 142 ms) than
at the top of the thin seam, the reflectivity-series display shows that
a slightly weaker reflection would be anticipated from the base than
from the top of the thin seam. Also it is instructive to examine the
trensitional reflectivity series developed by the simulated underclay
sequence underlying the lower coal seam. Examination of the time/depth
(T/D) plot shows that one should not expect to detect a thin coal bed
using results obtained with a downhole velocity survey and also that a
thick coal section could produce a blind zone in & refraction survey.

Let us now use program 2 to develop the reflectivity series for a
case in which two-bounce multiple reflections are included. I prefer
the term "two-bounce multiple", coined by Anstey (1977, p. 2-91,2-94),
because to me it is a more descriptive term than either "peg-leg" or
"short-path" multiple reflection (Sheriff, 1973, p. 146-147). A two-
bounce multiple reflection is one that has bounced twice within a layer;
for example, a downward traveling wave that has been reflected upward
from the base of a layer, has been reflected downward from the top of
the layer, and then has continued its downward travel.

Evidently some restriction must be placed on the number of multiple
reflections to be included in the model because each acoustically mis-
matched layer can contain within it an unlimited number of multiple
reflections. The program not only limits the multiple reflections to be
of the two-bounce type, but also reduces their number by allowing one to
select the lower limit of the reflection coefficient to be used in the
calculations. This procedure is illustrated on figure 12 on which sev-
eral selections are entered for the lower limits of reflection coeffi-
cient for the multiple reflections, the quantity being expressed as a
percentage of the total range of reflection coefficients.
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ENTER PLOT-LINMIT VALUES
Reflection time to top of layer 1 -.

Primary reflections range from 0 182.064142332
Min, reflection time on plot = P
Nax., reflection time on plot = {200
Refl. time tickmark interval = (10

Niu. velocity on plot =
Max. velocity on plot =

Velocities range from 0.3 to 3.6
Velocity tickmark interval -

Refl coeféf’s range from -0.001980 £247 to 0.08290519877676
Min. refl coeff on plot =

'9.

Nax. refl coeff on plot ={0.0803

Refl coeff tickmark interval ={0.002
Depths renge from 8 to 140

Nin. depth on plot =(448
Max. depth on plot ={140
Depth tickmark interval = |20

Area: MARSHALL COAL FIELD Hole: PROB #9 Date iogged: 11 NOV 1982
VELOCITIES IN KM/SEC REFL COEFF . DEPTH IN METERS
8 3.8 - 0,900

120

130 e g

148 ‘ —

158

1608

178

180

NE X MBm=f ZOre~«OWr-NIMD
I

190

200 SGETUEL 944+ RNS VEL ocxx LAT.= 39 11 22 LONG.=105 33 44
DATE FROM FILE:4@3RESULTS TO FILE:41 BOULDER, COLORADD ELEU=1502M

DO YOU WANT TO REPLOT? CY/H) [N]
INSERT T-D & RS DATA TAPE IN 4924

ARE YOU READY TO PROCEED? (Y-

LENGTH OF FILE REQUIRED = 76

DOES SELECTED FILE HAUE SUFFICIENT LENGTH? C(Y/N)
DATA STORED IN AND RETRIEVED FROM FILE 41
PROGRAM COMPLETED

Figure 11. Plot limits and detail plot produced by program 2 to show
velocities, reflectivity series, and depth versus reflection time
from 120 to 200 msec.
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DEVELOP TINE-DEPTM (T/D)> SECTION AND REFLECTIVITY SERIES (RS)
INSERT Z & RC DATA TAPE IN 4924 FILE Humger = [40]

PO YOU WANT TO STORE RESULTS OH A TP & RS DATA TAPE? (Y/N)
FILE NUMBER =

00 YOU WAHT TO INCLUDE THO-BOUMCE MULTIPLES? (Y-/H> @
LOWER LIMIT OF REFL COEFF TO BE USED IN X OF TOTAL RAHGE =
TOTAL NUMBER OF POSSIBLE TWO-BOUNCE MULTIPLES = 1330
RUAILABLE MEMORY ALLOWS OMLY FIRST 283 MULTIPLES

TOTAL NUMBER OF PRIMARY + MULTIPLE REFLECTIONS = 98

DO YOU MANT TO RESELECT LOWER LIMIT ON MULTIPLES? meE[r‘_'l
LOMER LIMIT OF REFL COEFF TO BE USED IN X OF TOTAL RANGE =

TOTAL NUMBER OF PRIMARY ¢+ MULTIPLE REFLECTIONS = 144
DO YOU HAHT TO RESELECY LOKER LIMIT OH MULTIPLES? (Y’N)
M g3

E.1

LOWER LINIT OF REFL COGEFF TO BE USED IN % OF TOTAL RAMG
TOTAL NUMBER OF PRIMARY + MULTIPLE REFLECTIOHS = 38

DO YOU MANT TO RESELECT LOWER LIMIT OH MULTIPLES? (v/méﬂ
LOMER LIMIT OF REFL COEFF TO BE USED IN X OF TOTAL RANHGE ®=

TOTAL NUMBER OF PRIMARY + MULTIPLE REFLECTIOHS = 98
DO YOU WANT TO RESELECT LOWER LIMIT ON MULTIPLES? <v/N) (]
DO YOU MANT PLOT OF VEL, T-D, AND REFL SERIES? C¥/N) [Y]

‘Figure 12. Screen copy of entries when two-bounce multiple reflections
are considered in the construction of the synthetic seismogram.

Figure 13 shows the plot limits and the plot produced for the il-
lustrative example when multiple reflections are considered. A tabula-
tion of the reflectivity series shows that although 67 multiple reflec-
tions above the stated threshold are present, it would take an extremely
sharp eye to detect any difference between the reflectivity series
displayed on figure 13 (with multiples) and that of figure 10 (without
multiples). One reason for the seeming lack of multiple reflections is
the intentional suppression of multiples produced by the reflection from
the air-ground interface. This omission is standard practice because
its inclusion would swamp almost all other arrivals and because with
real data (as opposed to model data), the surface-related multiples,
though present, are generally not of the large magnitude that a model
of limited numbers of layers--and omitted Q factors--would predict.

A replot for the time section from 120 to 200 ms of the reflectivi-
ty series with multiples (fig. 14) when compared to the same detailed
section without multiples (fig. 11) shows that multiple reflections are
included in the reflectivity series, but that their effect is not as
large as one might expect given the large acoustic-impedance mismatch
between the coal seams and the layers which bound them. From a glance
at the reflectivity series containing multiples, one would correctly
surnise that the principal effect of two-bounce multiple reflections is
to lengthen wavelets by adding a few low-amplitude cycles to them.
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186

200

ENTER PLOT-LIMIT VALUES

Reflection time to top of layer | -

Primary reflections rangz from 20 to 182.064142332
Min., reflection tine on plot =|¢

Max. reflection time on plot ={200

Refl. time tickmark interval =|28

Nin. velocity on plot =
- Max. velocity on plot

Uelocities range from 8.3 to 3.
=
Uelocity tickmark interval =

Refl coeff’'s range from -0.00198030146247 to 0.082°0519877676
Hin. refl coeff on plot =|-0,.00
Max. refl coeff on plot =(0.0393
0.03
Depths range from 8 to 140
Min. depth on plot =@
Max. depth on plot =140
Depth tickmark interval =|20

Refl coeff tickmark interval =
MARSHALL COAL FIELD Hole: PROB 49 Date logged: 11 NHOU 1982

VELOCITIES IN KM/SEC REFL COEFF DEPTH IN METERS
0,02
L_
hd
AUG. UEL +4++ RMS UEL xxxx LAT.® 39 11 22 LONC.=105 33 44

DATE FROM FILE:4@3RESULTS TO FILE:42 BOULDER, COLORADO ELEY=1502M

Figure 1

3. Plot limits and resulting plot for illustrative problem in

which multiples are included in the reflectivity series.
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ENTER PLOT-LIMIT VALUES
Reflection time to top of layer | =[0]

Primary reflections range from 28 to 182.064142332
Min., reflection time on plot = :

Max. reflection time on plot
Refl. time tickmark interval

Uelocities range from 0.3 to I .6
flin. velocity on plot =
Max. velocity on plot =
Velocity tickmark interval =

Refl coeff’s range from -8.00198¢ £247 to 0.02%90519877676
Hin. refl coeff on plot =

'9. 09

Nax. refl coeff on plot ={0.003

Refl coeff tickmark interval =}0.002
Depths range from @ to 148

Nin. depth on plot = {40
Max. depth on plot = (146
Depth tickmark interval = |20

Area: MARSHALL COAL FIELD Hole: PROB #9 Date logged: 11 NOU 1982
VELOCITIES IN KM/SEC REFL COEFF DEPTH IN METERS
8 3.0 -0,002 9,882

126

<

130 N ]

140

150

168

o

170

180

NE T MAes= TO-4OOM-TIMN

198

200 GETUEL +4++ RNS VEL mxx LAT.= 39 11 22 LONC.=105 33 44
DATE FROM FILE:4@3RESULTS TO FILE:42 BOULDER, COLORADG ELEV=1502M

Figure 14. Plot limits and resulting plot from 120 to 200 ms for the
illustrative problem for which multiple reflections are included.
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After you have replied with an N as to whether you want to replot,
you are instructed to insert the T/D & RS (time/depth and reflectivity
series) data tape in the 492, and then you are prompted as to how to
store these data. The reflectivity series data together with wavelet
data, the next section of this report, will be used later as data input
to the final program required to construct a synthetic seismogram.

DISCUSSION OF PROGRAM TO GENERATE AND STORE
FOURIER COEFFICIENTS OF WAVELETS
The purpose of the third program is to generate and store the
Fourier coefficients of a wavelet. In the fourth program, these coeffi-
cients are used to synthesize a waveform of specific shape and duration.
At first glance this seems like a labored process--why not simply deve-
lop the wavelet in the time domain? The answer lies in the desire to
stretch or shrink a wavelet to a selectable apparent wavelength before
convolving it with the reflectivity series.

As shown on figure 15, five wavelet types are available. In this

GENERATE AND STORE FOURIER COEFFICIENTS OF WAVELET
OESIRED MAXIMUM ABSOLUTE AMPLITUDE OF WAVELET =

THE FOLLOWING MAUELET TYPES ARE AVAILABLE:
1. Cosine modulated sine, zero phase aporoximgtion, 2.9 cycles
2. Damped cos mod. siney, minimum phase approximation, 2 cycles
3. Directly observed--gxtrac ted from seismogram .
4. Arbitrary -- values entered from keyboard
S. Ricker "far distant” wavelet

MUMBER OF SELECTED MAVELET TYPE -m
DO YOU WANT QUICK PLOT OF INPUT WAUELET? <wu>

NAUELET USING A COSINE-MODULATED SINE HQUE
NO. OF UALUES=21 NO. OF CYCLES=2.3 MAX. ABS. AMPL=100

Figure 15. Copy of screen display showing entries to produce a cosine-
modulated sine wave approximating a zero-phase wavelet.
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first example, a wave form with the appearance of a zero-phase wavelet
was selected, type 1 from the list of five types.

Figure 16 lists the Fourier coefficients of this wavelet and shows
the wavelet upon synthesis. Here, only the first seven coefficients are
required to exactly reproduce the cosine-modulated sine wavelet from its
Fourier coefficients.

FOURIER COEFFICIENTS FOR MAVELET USING A COSINE-MODULATED SINE WAVE
HARMONIC FOURIER COEFFICIENT '
900000

0. 000000
30.000000
0.000000
-235.000000

NARDWUN -

LINE SPECTRA

I |

DO YOU HANT TO SEE FOURIER SYNTHESIZED WAVELET? ¢Y/i>[Y]

FOURIER SYNTHESIS OF MAVELET USING A COSINE-MODULATED SINE WAVE

Figure 16. Fourier coefficients and synthesis of first wavelet type.
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The third program begins by asking you to enter the desired abso-
lute amplitude of the wavelet. Next you are asked to select the type of
wavelet by entering the number of the wavelet type. Wavelets 1, 2, and
5 are developed from equations; wavelet 3 is extracted from observed
data, and wavelet 4 is of arbitrary form, being constructed of values
entered from the keyboard. In this report, examples are given of all
five wavelet types. Display of the input wavelet and the wavelet syn-
thesized from its Fourier coefficients can be elected.

The program ends after the wavelet's Fourier coefficients are
stored on a wavelet data tape (WDT) using the procedure as illustrated
on figure 17.

DO YOU WANT TO STOR IER COEFF. ON WDTT v/t [Y]
CODE NAME_QOF WDT =

FILE NO,

LENGTH OF FILE REQUIRED = 236

DOES SELECTED FILE HAVE SUFFICIENT LENGTH? <v-M) [Y]
DATA ARE STORED IN FILE 43 OF WOT: WAVELETS#I

PROGRAN COMPLEYED

Figure 17. Copy of screen display showing example of procedure to store
Fourier coefficients of the selected wavelet.

Wavelet 1 is an approximation of a zero-phase wavelet of the non-
causal type preferred by people at data processing centers for construc-
tion of synthetic seismograms to model the deeper seismic section. The
second wavelet approximates a minimum-phase wavelet for which the energy
is "front loaded" and thus may be more representative of waveforms seen
in the shallower seismic section. As shown on figure 18, a choice is
given as to the amount of damping to be applied.

Comparison of the wavelet and its form synthesized from its first
20 Fourier coefficients (fig. 19) shows that use of only half the number
of coefficients is sufficient to satisfactorily reproduce the wavelet
from its Fourier coefficients, as would be expected from inspection of
the trail off of higher frequency components as displayed on the line-
spectra plot shown near the center of figure 19.

Storage of the Fourier coefficients of this wavelet proceeds in the
same manner as for the first wavelet, see figure 17.
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GENERATE AND STORE FOURIER COEFFICIENTS OF HAUELET

DESIRED MAXINUM ABSOLUTE AMPLITUDE OF WAVELET =[160]

THE FOLLOMING MAVELETY TYPES ARE AURILABLE:
i. Cosine modulated sine, zero phase approximation, 2.5 cycles
. Damped cos mod. sine, minimum phase approximation, 2 cycles
3. Directly observed--extrac ted from seismogram .
4. @Qrbitrary -- values entered from keyboard
S. Ricker "far distant® wavelet

NUMBER OF SELECTED WAUELET TYPE =
DECREMENT IN PERCENT =
LOG OECREMENT = -4.60317818399

DO YOU WANT QUICK PLOT OF INPUT MAUVELET? (Y /N)

HAVELET USING A DAMPED COS-MODULATED SINE
NO. OF UALUES=41 NO. OF CYCLES=2 MAX. ABS. AMPL=100 LOG DEC.=-4.61

Figure 18. Copy of screen display showing entries to produce a damped
cosine modulated sine wave approximating a minimum-phase wavelet.
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FOURIER COEFFICIENTS FOR WAVELET USING A DAMPED COS-MODULATED SINE
HARNONIC FOURIER COEFFICIENT .
-2.679224

36.943373
23.760895

1.782739
-8.983812
=9.244777
-6.600114
-4.277232
=2.733348
-1.774939
-1.179838
-0.804145
-8.361860
-8.401335
-0.292673
-8.217276
-0.164024
-0. 123396

QQUBNAULUN=DOBIAUARDLIN -

N 550 st pen Bet o pun Sub g Beb Bub

LINE sPECTRA . | ' |

DO YOU MANT TO SEE FOURIER SYNTHESIZED MAVELET? <Y/N)

FOURIER SYNTHESIS OF HAVELET USING A DAMPED COS-MODULATED SINE

Figure 19. Fourier coefficients and synthesis of second wavelet type.
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Figure 20 shows an example of a wavelet extracted directly from a
seismogram. As indicated by the boxed quantities, you are required to
insert and identify a master data tape (MDT), enter the number of the
record of that tape and the trace on the record, and specify the start
and end times of the wavelet. After the wavelet is read into memory, it
is detrended and end values forced to zero. Fourier coefficients and
plot of the synthesized type 3 wavelet are shown on figure 21.

GENERATE AND STORE FOURIER COEFFICIENTS OF WAVELET -
DESIRED MAXIMUNM ABSOLUTE AMPLITUDE OF WAUELET =

THE FOLLOWING WAUELET TYPES ARE AUAILABLE:
i. Cosine modulated sine, zero phase approximation, 2.5 cycles
2. Damped cos mod. sine, minimum phase approximation, 2 cycles
3. Directly observed~~-extrac ted from seismooram
4. Arbitrary ~- values entered from keyboard
S. Ricker "far distant® wavelet

NUMBER OF SELECTED WAVELET TYPE =[3]

INSERT OBSERUVED-DATA MDT IN 4924 MDT CODE NO. = (B1L2M
ARE YOU READY TO PROCEED? (Y/N) vd

NO. OF CYCLES IN WAUVELET

RECORD NUMBER ON MDT

TRACE NUMBER

TIME AT START OF WAVELET

TIME AT ENMD OF WAVELET

D0 YOU WANT QUICK PLOT OF INPUT WAUELET? CY/N)

OBSERVED MWAVELET
FROM MDT:01L2M, RECH:S, TRACER:11, FROM T=64 to 104
NO. OF VALUES=81 MAX. ABS. AMPL={08

Figure 20. Copy of screen display showing entries to extract a wavelet
from a seismogram and a plot of the wavelet selected.
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FOURIER COEFFICIENTS FOR OBSERVED MAVELET
HARMONIC FOURIER COEFFICIENT
: -0.323700

33.774604
-48. 107475
-23.368153

29.422905

9.939145

-2.8637358 -

-4,344261

9.795029
-9.0041387
-0.3533224

9.135373
-0.112443

9. 103008

0.244802
-0.0828662

0.111735

0.007433

9.082617

GUBNAUARANN=DODIOUNELIN -

N) 550 05b 0o pott puts puit Db Pub Pt Queo

LINE SPECTRA 1

DO YOU WANT TO SEE FOURIER SYNTHESIZED WAVELET? (Y/N)

FOURIER SYNTHESIS OF OBSERVED WAVELET
FROM MDT:01L2M, RECH:S, TRACER:11, FROM Te=64 to 104

Figure 21. Fourier coefficients and synthesis of third wavelet type.
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If the fourth type of wavelet (fig. 22) is selected, values defin-
ing the wavelet are entered from the keyhoard. With this procedure, one
can alter a wavelet shape and thus observe the resulting effect of
change of wavelet shape operating on a given reflectivity series. 1In
this example, 21 values were used to describe the wavelet and only the
first 10 Fourier coefficients were generated. Comparison of the synthe-
sized wavelet on figure 23 and the input wavelet on figure 22 shows an
acceptable match between the two curves.

The fifth selectable wavelet type is the Ricker "far distant"
wavelet (fig. 24) of common use at seismic data processing centers. In
constructing synthetic seismograms for oil and gas investigationms, this
wavelet is treated as & non-causal wavelet, its center time being taken
as the arrival time. Because our coal studies are focused to shallower
depths, we treat this wavelet as if it begins at the spike time of the
reflectivity series. If the user prefers to see the Ricker wavelet re-
sponse in its traditional mode of presentation, all that needs to be
done is to shift record times by an amount of time equal to half the
wavelet period. For example, if the synthesized Ricker wavelet is 30 ms
in duration (an apparent period of 20 ms), then the synthetic seismogram
instead of starting at a time of zero would start at a time of -15 ms.

The first 20 Fourier coefficients of the Ricker wavelet and a plot
of the synthesized wavelet are shown on figure 25. As indicated in the
tabulation of coefficients and the plot of line spectra, all even har-
monics are equal to zero and harmonics beyond the eleventh would con-
tribute little to the synthesized wavelet.

The Fourier coefficients of wavelet types 1, 2, and 5 only need to

be evaluated once and then stored for all subsequent use. For the other
wavelets, I suggest building a catalog of their coefficients.
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CENERATE AND STORE FOURIER COEFFICIENTS OF MAVELET
DESIRED MAXINUN ABSOLUTE ANPLITUDE OF MAVELET .

THE FOLLOWING MAUVELET TYPES ARE AUAILABLE:
1. Cosine modulated sine, zero phase approximation, 2.9 cycles
2. Damped cos mod. sine, minimum phase approximation, 2 cycles
3. Directly observed--extracted from gseismogran
4. érbitrary -- valuyes entered from keyboard
S. Ricker "far distant® wavelet

NUMBER OF SELECTED WAVELET TYPE =

NO. OF VALUES IN WAUVELET =
NO. OF CYCLES IN WAUVELET =

INDEX U

VONAOURAUIN=D
J
~
[
L

nguunuuuu-nwaﬂﬁﬂ&&"\’“
]

0O YOU WANT QUICK PLOT OF INPUT MAUELET? (Y/N) Eﬂ

WAVELET USING ARBITRARY VALUES
HO. OF VALUES=21 HO. OF CYCLES={.S MAX. ABS. AMPL=180

Figure 22. Copy of screen display showing example of entries to pro-
duce an arbitrary wavelet.
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.FOURIER COEFFICIENTS FOR WAVELET USING ARBITRARY UALUES _ .
HARMONIC FOURIER COEFFICIENT :
.291195

31.892853
-352.233730
-16.005297
32.20789S .
7.0836252
-3.972224
~4.361906
1.395121
-9.483268

DOVDIRU D WN =

-

LINE SPECTRA l l . .

DO YOU MANT TO SEE FOURIER SYNTHESIZED WAVELET? (Y/N)

FOURIER SYNTHESIS OF WAUELET USING ARBITRARY UALUES

Figure 23. Fourier coefficients and synthesis of fourth wavelet type.
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GENERATE AND STORE FOURIER COEFFICIENTS OF WAVELET -
OESIRED MAXIMUM ABSOLUTE AMPLITUDE OF WAVELET =

THE FOLLOKING HWAVELET TYPES ARE AUARILABLE:
1. Cosine modulated sine, zero phase approximation, 2.5 cycles
. Damped cos mod. sine, minimum phase approximation, 2 cycles
3. Directly observed--extracted from seismogram
4. Arbitrery -- values entered from keyboard
S. Ricker “far distant® wevelet

NUMBER OF SELECTED WAVELET TYPE =[5]
DO YOU WANT QUICK PLOT OF INPUT HAVELET? ¢Y/N) [¥]

RICKER °FAR DISTANT" MAVELET
NO. OF VALUES=41 NO. OF CYCLES=1.S MAX. ABS. AMPL=10€

Wy

Figure 2,. Copy of screen display showing entries to produce a Ricker
"far distant" wavelet.
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FOURIER COEFFICIENTS FOR RICKER “FAR DISTANT® HAVELET
HARMONIC FOURIER COEFFICIENT
1 6.624331

0.000000
-36.167040 -
08.000000
36.933126
0.000600
-16.166411
6.0600800
3.611321
6.000000
-0.4479635
0.800000
0.026324
0.0000080
-0.00530835
@.0000800
-9.0083926
8. 0000800
-0.003604
0.000000

DODVNOARABULUN>OVBIANDWN

\) B0 50 1 gt (ut puit = Bt Bt pu

LINE SPECTRA 2 l .

DO YOU MANT TO SEE FOURIER SYNTHESIZED MAVELET? CY-N)

FOURIER SYNTHESIS OF RICKER "FAR DISTANT" NAVELET

(LTS

Figure 25. Fourier coefficients and synthesis of fifth wavelet type.
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DISCUSSION OF PROGRAM TO COMPUTE AND DISPLAY SINTHETIC SEISMOGRAM

The fourth program begins by asking if you want to use a previously
computed synthetic seismogram--an odd way, it might seem, to begin a
program to compute a synthetic. However, not too strange if one con-

- siders that this program has two main functions: to compute the syn-

thetic and to display the synthetic. A Y response (an example of which

will be given later) is entered if one wants to display with a different
mode. Let us begin this section of the report by replying to the first

question with an N (fig. 26).

You are then instructed to insert the T/D-RS (time/depth-reflecti-
vity series) data tape in the 492, and to enter the file number of the
desired data set. Next you are asked if you want to see the data that
have been read from this file, file 41 ( fig. 26).

COMPUTE AND DISPLAY SYNTHETIC SEISMOGRAM
0O YOU WANT TO USE PREVIOUSLY COMPUTED SYNTHETICS? vmn@
INSERT T/D-RS DATA TAPE IN 4924  FILE No. = [41]
DO YOU WANT TO SEE REFLECTIVITY SERIES DATAT <Y/W) [¥]
DATA READ FROM T/D-RS DATA TAPE

MARSHALL COAL FlELD PROB 89 HOV 1982
39 11 22 S 33 4 BOULDER, COLORADO 1502
21 REFLECT!U!T? SERIES WI1THOUT MULTVIFPLES

REFLECTIVITY SERIES:

6.08290519877676 ©.0068328598648 0.0047189472503 6.608587633111663
0.00784602416152 0.00107148498692 0.00170842948788 ~7.442478921E-4
-0.001968030146247 0.068167414351461 -0.080114312611857 6.255135463E-4
-5.539631273€E-4 4.827553286E-4 9.462082341€E-5 9.256988931E-3
3.6390306966-5 -1.327287476E-6 1.6754583&2E-4 6.929139622E-3

REFLECTION TIME TO BASE OF LAYER:

20 . 33 63 a3
87.4444444444 1008.386176728 126.33368329 131.8680139983
141.4686439195 142.59536308 193.343394376 196.670166229
158.664916083 163.100612423 164.097967732 163.010061242
163.0843194576 167.376627647 176.689596877 182.0864142332
198.397473663

Figure 26. Copy of screen display showing first set of entries for the
fourth program. Here data read from a T/D-RS data tape are listed.

Figure 27 shows a screen copy of the first page of the fourth pro-
gram when a tabulation of data read from the T/D-RS data tape are not
tabulated. After you reply as to whether you want to see the reflecti-
vity series, you are instructed to insert the wavelet data:tape (WDT).
You are then asked if you want to synthesize a wavelet. Again you are -
offered a choice. If you answer with an N, as is done on figure 27, you
are required to enter the number of the file containing an established
wavelet, a much faster procedure than synthesizing a wavelet from its
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COMPUTE AND BISPLAY SYNTHETIC SEISMOGRAM

DO YOU MANT TO USE PREVIOUSLY COMPUTED SYNTHETICS? """’E]
INSERT T-D-RS DATA TAPE IN 4924  FILE NO. = [41]

DO YOU WANT TO SEE REFLECTIVITY SERIES DATA? CY/N)[W]

INSERT WAVELET DATA TAPE (HDT> IN 4924

DO YOU WANT TO SYNTHESIZE WAVELET? (Y N> [N]

YOU HAVE ELECTED TO USE ESTABLISHED WAVELET  FILE NO. - ]
D0 YOU MANT TO SEE PLOT OF WAVELET? (v/m

20 MSEC WAUELET USING A DAMPED COS-MODULATED SINE WITH S.1.s0.3
HAVELET CONTAINS 41 DATA POINTS
AMPLITUDE OF WAVELET RANGES FROM -60.87 TO 100.34

Figure 27. Screen copy of page 1 of the fourth program after one has
decided to use an established wavelet, a plot of which is shown.

Fourier coefficients. If you reply with a Y, then the procedure (to be
shown later) to synthesize a wavelet is initiated. A description of the
wavelet to be used in the construction of the synthetic seismogram is
printed above the plot of the selected established wavelet.

After the plot (optional) is made you are asked to enter the start
and end times of the synthetic, in this example (fig. 28), O and 200 ms
respectively. Next you are asked if you want to store the just-computed
fixed-gain synthetic seismogram on a synthetic seismogram data tape
(SSDT). 1In this example the reply was an N. Data of this kind are
those that would be entered if the first question (fig. 26) of program
four had been answered with a Y.

Program four offers three display options, as shown on figure 28.
Another method of display, one that uses an AGC (adaptive gain control)
procedure, is available; however, because of lack of memory in the com-
puter for which the programs of this report were written, its use calls
for a separate program (program five) to be discussed later.
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START TINE OF SYNTHETIC -l'
EHD TINE OF SYNTHETIC =|200

D0 YOU MANT TO STORE FIXED GAIN SYN SEIS ON §$SDT? (Y/N)E

TI'IEE DISPLAY OPTIONS ARE AUAILABLE:
FIXED GAIN OVER ENTIRE RECORD,

2. “LECTED GAIN HITHIN SEGMENTS, AN
3. PROGRAMED GAIN COMTROL (PGC).

NUMBER OF DISPLAY OPTIOM CHOSEN -m

SYNTHETIC STARTS AT @ AND ENDS AT 200 MSEC
ANPLITUDES RANGE FROM -1, 76831103218 TO 2.91507204743
SANPLE INTERUAL FOR SYNTHETIC: 8.5 M

TOTAL NUMBER OF VALUES IN SYNTHETIC: 40!

NININUN AMPLITUDE ON PLOT =
MAXINUN AMPLITUDE ON PLOT =

SYNTHETIC SEISMOGRAM--REFLECTIVITY SERIES WITHOUT MULTIPLES

20 NSEC WAVELET USING A DAMPED COS-MODULATED SINE WITH S.1.=0.3
REFLECTIVITY SERIES FROM FILE 41 AND WAUELET'S VALUES FROM FILE 61
AMPLITUDE MOOE: FIXED GAIH OUER ENTIRE RECORD
PLOT AMPLITUDES RANGE FROM =2.60 TO 3.08 BETWEEN ORDINAL TICKMARKS

L ] 2@ 40 60 80 100 129 149 160 180 200

LI LR AR LER LA LR I L L L 2NN B J LER AL | LB AR TV ey LN B AN J LR

A 4/‘ f\ o A A__A A,

2 2 4 A A A A . Lkl A AL A L A b A 4L 2 A 4 L [ .. 1 Ao d A4 4 2

Figure 28. Synthetic seismogram produced upon entry of information as
shown on figure 27 and on the top half of this figure.

The display of figure 28 uses a fixed gain applied over the com-
plete record. Since the seismograph used in the coal seismic system has
neither an AGC (automatic gain control) nor PGC (programed gain control)
capability, display of the synthetic seismogram with fixed gain repre-
sents the idealized output from the seismograph.

After the display mode is selected, the amplitude range of the syn-

thetic is computed and printed so as to allow selection of the minimum
.and maximum amplitudes to be displayed on the plot. On the example of
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figure 28, these amplitudes are -2 and 3 respectively. Any event whose
amplitude exceeds the entered amplitude limits will be truncated at the
ordinal tickmark positions on the plot.

Drawn on each of the synthetic seismograms of this report are
filled arrowheads pointing to the reflection time (141.6 ms) from the
top of the thin coal at a depth of 75 m and to the reflection time
(153.4 me) from the top of parted seam at a depth of 90 m. These refer-
ence marks were drawn by the author and are not part of the computer
program. .

For the first example of a synthetic seismogram (fig. 28), the
wavelet has a sharp initial rise time, a severely damped second cycle,
and a relatively high apparent frequency (100 Hz)--three wavelet prop-
erties conducive to resolution of reflection horizons. Yet, even with
this optimum-resolution wavelet, location of the tops of the coal seams
from examination of the arrivals on a single-trace seismogram would be a
challenging task even for the experienced interpreter. Feasibility
studies are one of the main functions of synthetic seismograms.

COMPUTE AND DISPLAY SYNTHETIC SEISMOGRAM

DO YOU HANT TO USE PREVIOUSLY COMPUTED SYNTHETICS? c¥,M) [W]
INSERT T/D-RS DATA TAPE IN 4924 FILE NO. =[41]

DO YOU WANT TO SEE REFLECTIUITY SERIES DATA? (Y-N) (W]

INSERT HWAUELET DATR TRPE CHDT) IN 4924

DO YOU HANT TO SYNTHESIZE WAUELET? (Y/N) [H]

YOU HAVE ELECTED TO USE ESTABLISHED WAUELET  FILE NO. -@
00 YOU NANT TO SEE PLOT OF WAVELET? (Y/N>[¥]

20 MSEC WAVELET USING A COSINE-MODULATED SINE HAVE WITH §.1.=0.3
HAUVELET CONTAINS 41 DATA POINTS
AMPLITUDE OF WAVELET RANGES FROM -67.17 TO 100.00

Figure 29. Beginning pages of program four showing entries to use an
established wavelet and a plot of that wavelet.

32



Next, let us examine the synthetic seismogram produced if we keep
the same reflectivity series, but introduce a different wavelet. Here we
have elected to use the gero-phase-approximation wavelet (fig. 29).

Entries are as before, the only exception being that the estab
lished wavelet is taken from file 37. Although this wavelet and the
preceding one both have a total duration of 20 ms, the symmetrical wave-
let has 2.5 cycles and thus its apparent frequency is 125 Hz. Since.it
is a higher frequency wavelet, one might expect it to have greater re-
solving power. However, a glance at figure 30 shows this expectation is

START TIME OF SYNTHETIC -
END TIME OF SYNTHETIC =
DO YOU MANT TO STORE FIXED GAIN SYNM SEIS ON $8OT? <v:u>{:]

?NREE DISPLRY OPTIONS ARE AVAILABLE:
FIXED GAIM OVER ENTIRE RECORD,

2. SELECTED GAIN WITHIN SEGMENTS, AND
3. PROGRAMED GAIN COMTROL (PGC).

NUMBER OF DISPLAY OPTION CHOSEN =[1]

SYNTHETIC STARTS AT @ AND ENDS AT 200 MSEC .
ANPLITUDES RAHGE FROM -1i. 95129400971 T0 2.90319868393
SANPLE INTERVAL FOR SYNTHETIC: 8.3 MSEC

TOTAL NUMBER OF UALUES IN SYRTNETIC. 481

MINIMUN AMPLITUDE ON PLOT .
MAXIMUM AMPLITUDE ON PLOT =

SYNTHETIC SEISMOGRAM--REFLECTIVITY SERIES WITHOUT MULTIPLES

20 MSEC WAVELET USING A COSINE-MODULATED SIHE WAUE WITH S.1.=0.3
REFLECTIVITY SERIES FROM FILE 41 AND WAUELET’S UALUES FROM FILE 37
AMPLITUCE MODE: FIXED GAIN OUER EHTIRE RECORD
PLOT AMPLITUDES RANGE FROM -2.00 TO 3.08@ BETWEEN ORDIMAL TICKMARKS

L 20 40 60 - 88 100 120 140 160 189 200

LA AR vV vy LA SRR LN B A J L AL I I J LI IR A | LER IR ! LELIRARJ LA LB R

A A A 4 el et A A A 4 A A A A A A A A A,

Figure 30. Synthetic seismogram using a zero-phase-approximation wavelet
applied to the same reflectivity series as used in figure 28.

33



unfounded. 7This synthetic also demonstrates the difficulty of extract-
ing a representative wavelet shape from the seismic record. It also
should be remembered in viewing the synthetic seismograms of this report
that no waveform distortion, other than that produced by the reflectivi-
ty series itself, has been introduced.

After the synthetic seismogram has been plotted, you are asked if
you want to replot with a different scale and if you want to store the
values of the synthetic on a data tape. Responses to these replies have
been shown in earlier programs of this report--to save space, these
procedures are not displayed again.

The next three sets of synthetic seismograms are presented to il-
Justrate how the program is used to stretch and compress a wavelet of
given form and to show the synthetic seismograms produced with a wavelet
of the same shape but of different duration.

As shown on figure 31, once you reply that you want to synthesize a
wavelet from its Fourier coefficients, you are asked to enter the number
of the file in which these coefficients are stored. The type of wavelet
and the number of coefficients are printed following which prompts are
given for entry of length of the wavelet (in ms) and sample interval of
the wavelet. The sample interval you enter will be the sample interval
(5.I.) used in the construction of the synthetic seismogram.

For this example (fig. 31) a 4O-ms wavelet sampled at 0.5 ms was
selected. Since this wavelet has almost twice the number of data points
as the same shape wavelet shown on figure 27, its plot is smoother.
Also, the minimum amplitude (because of a filled-in point) is slightly
different. The apparent period of the expanded wavelet is 20 ms, an ap-
parent frequency of 50 Hz. In those coal-seismic field studies for which
a hammer source is used on the surface, a frequency of 50 Hz is more
often seen at a record time of 150 ms than the more desirable but not
readily realizable 100 Hz shown on figure 27.

The first nine lines of figure 32 show the procedure for storing
the synthesized wavelet. Before storage, you are asked if the intended
file is of sufficient length. If not, you are instructed as to the
procedure to be followed. After data are stored, a read-after-write
operation is performed. The synthetic seismogram produced is displayed
on the lower half of figure 32.
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COMPUTE AND DISPLAY SYNTHETIC SEISMOGRANM

DO YOU WANT TO USE PREVIOUSLY CONPUTED SYNTHETICS? <Y-W)[H]
INSERT T-D-RS DATA TAPE IN 4924 FILE NO. = [41]

DO YOU WANT TO SEE REFLECTIVITY SERIES DATA? (Y-N> (W]
INSERT. HAUELET DATA TAPE (NDT) IN 4924

DO _YOU WANT TO SYNTHESIZE MWAUVELET? (Y/N)
NO. OF FILE COMTAINING FOURIER COEFF. =
TYPE OF WAVELET s WAUELET USING A DAMPED COS-MOOULATED SINE
NO. OF COEFFICIENTS =
LENGTR OF WAVELET =
HQUELET SAMPLE INT, =
"POINTS IN WAVELET = 81

DO YOU WANT TO SEE PLOT OF WAVELET? <Y-M) (7]

4@ MSEC WAUELET USING A DAMPED COS-MODULATED SINE WITH $.1.0.3
HAVELET CONTAINS 81 DATA POIN

1S
AMPLITUDE OF MWAUELET RANGES FROM -61.34 TO 190.34

Figure 31. Beginning pages of program four showing procedure to synthe-
size a 40-ms, minimum-phase wavelet from its Fourier coefficients.
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$0_YOU WANT TO STORE MAVELET ON MDT? <Y-W> [¥) ..
MOT IN 4924 FILE NO. =

OF FILE REQUIRED = 1024

EL LENGTH SUFFICIENT? cron> @)

DATA ARE STORED AND RETRI E FROM FILE 63
START TIME OF SYNTHETIC -
END TINE OF SYNTHETIC =|200

DO YOU HANT TO STORE FIXED GAIN SYH SEIS ON SSDT? (Y/N)EJ

THREE D!SPLQY OPTIONS ARE AUAILABLE:

FIXED GAIM OUER ENTIRE RECORD,
SELECTED GAIMN WITHIN SEGMENTS, AND
3. PROGRAMED GAIN CONTROL <PGC).

NUMBER OF DISPLAY OPTION CHOSEN = (1]

SYNTHETIC STARTS AT @ AND_ENDS AT 200 MSEC
AMPLITUDES RANGE FROM -1.787992084395 10 2.91507204743
SAMPLE INTERVAL FOR SYNTHETIC: 0.3 MSEC

TOTAL MUMBER OF UALUES IN SYNTHETIC: 461

NININUM AMPLITUDE ON PLOT -@

MAXIMUM ANPLITUDE ON PLOT =

SYNTHETIC SEISMOGRAM--REFLECTIVITY SERIES WITHOUT MULTIPLES

48 NSEC WAVELET USING A DAMPED COS~-MODULATED SINE WITH S.1.#0.3
REFL SER{ES FROM FILE 41 ANO WAUELET’S FOUFRIER COMPONENHTS FROM FILE 44
AMPLITUDE MODE: -FIXED GAIN QUER ENTIRE RECORD
PLOT AMPLITUDES RANGE FROM -2.08 TO 3.0@ BETWEEM ORDIMAL TICKMARKS

() 20 4@ 60 80 1060 120 148 168 . 180 200

LI BRLARL) BRI LIRS [ 2R BRER 2 LELERARS R R RERERENI LA BN LER R B REBRELARJ

N

N -

I . | A A 2 A Adhod b deddd Dbk A A A A A LA A A A A 4 1 LA 1A .

Figure 32. Synthetic seismogram produced using a 40-ms, minimum-phase-
approximation wavelet.
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Let us now compress the wavelet and thereby produce one of higher
frequency. Figure 33 shows the required entries to create a minimum-
phase-approximation wavelet whose apparent frequency is 200 Hz. A plot
of this wavelet is shown on the bottom half of the figure. Because fewer
points are used than in figures 18, 27 and 31, the wavelet of figure 33
looks more jagged, and one might question whether this wavelet has a
sufficient number of data points to faithfully represent its former
shape. That there is little cause for concern can be shown be looking
at the listing of Fourier coefficents of this wave shape as displayed on
figure 19. Note that for a sample interval of 0.5 ms (a frequency of
1000 Hz at the 20th hoarmonic) that the Fourier coefficient is only
about 0.3 percent of the maximum Fourier coefficent at 200 Hz.

COMPUTE AND DISPLAY SYNTHETIC SEISMOGRAM _
00 YOU WANT TO USE PREVIOUSLY COMPUTED SYNTHETICS? <Y/N) (W]
INSERT T-D-RS DATA TAPE IN 4924 FILE NO. = (47]

DO YOU HANT TO SEE REFLECTIVITY SERIES DATA? CY-N) (W]

INSERT WAUELET DATR TAPE (DT> IN 4924

DO _YOU WANT TO SYNTNESIZE HAUVELET? (Y/N)

NO. OF FILE COMTAINING FQURIER COEFF, =
TYPE OF WAVELET = WAUELET USING A DAN COS~-MODULATED SINE

NO. OF COEFFICIENTS = 20

LENGTH OF WAUVELET =

WAVELET SAMPLE INT., =
POINTS [N HARUELET =

DO YOU HANT TO SEE PLOT OF MAVELET? CY/N)

19 MSEC MAUELET USING A DAMPED COS-MODULATED SIME MITH S.1.%0.3
HAVELET CONTAINS 21 DATA POINTS
ANPLITUDE OF WAVELET RANGES FROM -60.87 TO 100.34

Figure 33. BeginningApages of program four showing procedure to synthe-
size a 10-ms, minimum-phase wavelet from its Fourier coefficients.
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Figure 3/ shows the synthetic seismogram using the 10-ms minimum-
phase-approximation wavelet applied to the same reflectivity series as
used in all previous examples. Comparison of the synthetic seismograms

YOU UANT TO STORE MAVELET ON WDT? <Y2#) [¥
INSERT WOT [N 4924 FILE NO. o -
LENGTH OF FILE REQUIRED = S12
18 FILE LENGTH SUFFICIENT? <¥-N) (W] i
INSERT WDT IMN 4951
ARE YOU You Reaoy 10 PROCEED? voms (7]
RETURN WDT TO 4924
ARE YOU READY_T0-PROCEED? (Y/H)
DATA ARE STORED AND RETRIEUABLE FROM FILE 64
START TIME OF SYNTHETIC = |¢
END TIME OF SYNTHETIC =

DO YOU WANT TO STORE FXXED GAIN SYN SEIS OH SSDT? (Y/N) E

?HREE OISPLQY OPTIONS ARE AURAILABLE:
1. FIXED GAIN QUER ENTIRE RECORD,

2. SELECTED GAIN MITHIN SEGMENTS, AND
ROGRAMED GAIN CONTROL (PGC)>.

NUMBER OF DISPLAY OPTION CHOSEN = (1]

ANPL TUDES RonCE Fron Cr D eeDS 6Ta20e HsEC 7

2 474
SAMPLE INTERUAL FOR SYNTHETIC: 8.5 Rsge o> 1507204745
TOTAL NUNBER OF VALUES IN SYNTHETIC: 461

NINIMUN AMPLITUDE ON PLOT s(-2
RAXINUN ANPLITUDE ON PLOT = |3

SYNTHETIC SEISMOGRAM--REFLECTIVUITY SERIES WITHOUT MULTIPLES

10 MSEC WAUVELET USING A DAMPED COS-MODULATED SIHE WITH S.1.=9.S3
REFL SERIES FROM FILE 41 AND WAUELET"S FDUR!ER COMPONENTS FROH FILE 44
ANPLITUDE MODE: FIXED GAIN QUER EHTIRE RECORD
PLOT AMPLITUDES RANGE FROM <-2.00 TO  2.00 BETWEEN ORDINAL ‘TICKMARKS

e 20 40 60 8o 100 120 140 168 180 208

LER AR AR ] AL LA BR R ] L2 N BN J LR A L LA LR LR RS LIRS LB

o
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Figure 34. Synthetic seismogram produced using a 10-ms, minimum-phase-
approximation wavelet.
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of figures 32, 28, and 34 with apparent periods of 20, 10, and 5 ms
(apparent frequencies of 50, 100, and 200 Hz) respectively clearly
illustrates the need for higher frequency seismic signatures to identify
reflections from the tops of the two coal seams.

One consideration of importance in planning field studies is the
selection of the sample interval to be used. Let us see how the records
might look if we were to decrease the sample interval from 0.5 to 0.25
me. Again we will use a 10-ms wavelet, but this time use a sample
interval of 0.25 in its synthesis. Figure 35 shows the procedure if the
previously synthesized wavelet had been stored in file 38. The plot of
the wavelet with 41 data points on figure 35 is identical to the plot
displayed on figure 27. However, now the wavelet duration is 10 ms
instead of 20 ms.

COMPUTE AND DISPLAY SYNTHETIC SEISMOGRAM

DO YOU WANT TO USE PREVIOUSLY COMPUTED SYNTHETICS? (Y/N) @j
INSERT T/D-RS DATA TAPE IN 4924 FILE MO. = [41]

DO YOU MANT TO SEE REFLECTIVITY SERIES DATA? (Y/N> [N]

INSERT WAVELET DATA TAPE (HDT> IN 4924

DO YOU HANT TO SYNTHESIZE WAVELET? CY/N> [N]

YOU MAUVE ELECTED TO USE ESTABLISHED WAVELET  FILE NO. =
DO YOU WANT TO SEE PLOT OF WAVELET? (Y/N> (Y]

10 NSEC WAVELET USING A DAMPED COS-MODULATED SINE WITH S.1.=9.23
MAVELET CONTAINS 41 DATR POINTS
AMPLITUDE OF HAVELET RANGES FROM -68.87 TO 100.34

Figure 35. Beginning pages of program four showing entries made to use
an established 10-ms wavelet of 0.25 ms sample interval.
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The synthetic seismogram with the 10-ms wavelet and a sample inter-
val of 0.25 ms is shown on figure 36. Close examination of the fixed-
gein displays of figures 34 and 36 reveals at a reflection time of about
158 ms a slight difference in waveform following the trough at 155 ms.
Could it be that the slight dip and flattening of the waveform across
the deeper coal seam is an indication of the parting that we built into
the model? And could we see this nuance in the presence of noise, in
particular, wind-generated noise which can often be in the same range of
frequencies? Is it worth the cost in changing from a half-millisecond
to a quarter-millisecond seismograph to see this event? These are
questions that the synthetic seismogram may help us answer. )

START TIME OF SYNTHETIC =
EMD TINE OF SYNTHETIC =200

D0 YOU WANT TO STORE FIXED GAIN SYN SEIS ON SSDT? (Y/N)Ej

THREE DISPLAY OPTIONS RRE AUVAILABLE:
1. FIXED GAIN QUER ENTIRE RECORD,
2. SELECTED GAIM WITHIN SEGMENTS, AND
3. PROGRAMED GAIN CONTROL (PGO).

NUMBER OF DISPLAY OPTION CHOSEN =(T]

SYNTHETIC STARTS AT O AND _ENDS AT 209 MSEC

AMPLITUDES RANGE FROM -1,.76830950798 70 2.913%07121614
SANPLE IHTERUAL FOR SYNTHETIC. 8.23 MSEC

TOTAL NUMBER OF VALUES IN SYHTHETIC: 801

MINIMUM AMPLITUDE ou PLOT =(=
MAXIMUM ARMPLITUDE ON PLOT e

SYNTHETIC SEISMOGRAM--REFLECTIVITY SERIES WITHOUT MULTIPLES

10 NSEC WAVELET USING A DAMPED COS-MODULATED SINE WITH S.l.=e. 25
REFLECTIVITY SERIES FROM FILE 41 AHD WRUELET’S UALUES FROM FILE 39
AMPLITUDE MODE: FIXED GAIM OQUER ENTIRE RECORD
PLOT AMPLITUDES RAHGE FROM <~2.08 TO 3.0@ BETWEEH ORDINAL TICKMARKS

° 29 40 60 80 100 120 140 160 180 200

LIRS LRI Tyew LERLARARA LBR 2R A | R IR LB T T yv AR AR L 2R BR AR

I IS S . N A A AL Ad A Ak d L A2 3 A LA 2. A A A 2 4 . . AL A A

Figure 36. Synthetic seismogram produced using a 10-ms, 0.25-ms sample
interval, minimum-phase-approximation wavelet.
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After the synthetic seismogram has been displayed, viewed, and the
screen cleared, you are asked if you want to replot with a different
scale. To better see the waveforms from deeper in the section, let us
replot with the minimum and maximum amplitudes ranging from -0.8 to 0.8.
In doing so (fig. 37), the early arrivals near 20 ms are truncated.
Methods to keep all excursions within bounds will be illustrated later
in this report. With an increased plot gain applied, the reflections
from the tops of the coal seams and the character (relative amplitude)
of the waveforms near 158 ms are easier to distinguish.

00 YOU MANT TO REPLOT MITH DIFFERENT SCALE? (YN

TARTS AT @ AND ENDS AT 200 MSEC
gzgz?gzégs'naucg FROM -1.768309507688 70 2.91%507121614
SANPLE INTERUAL FOR SYNTHETIC: ©.2%5 MSEC
TOTAL NUMBER OF UGLUES IN SYNTHETIC: 80!

WINIMUM AMPLITUDE ON PLOT s[=%
MAXIMUM ANPLITUDE ON PLOT -

SYNTHETIC SEIS”OGRRH--REFLECTIUITY SERIES WITHOUT MULTIPLES

19 MSEC WAUVELET USING A DAMPED COS-HODUL&TED SINE NWITH S§.1.#0.2%9
REFLECTIUI?Y SERIES FROM FILE 41 AND HQUELET UALUES FROM FILE 30
ANPLITUDE MODE: FIXED GAIN QUER ENTIRE RECORD
PLOT AMPLITUDES RANGE FROM <-0.80 TO 8,88 BETWEEN ORDINAL TICKMARKS

) 20 49 60 L) 108 120 140 160 180 200

LAR S 2 % v 08 LRI LSRR LR I A | LRI LANL R R LI LR LR BN LA B AR

o -
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Figure 37. Synthetic seismogram of figure 36 replotted with increased
amplitudes to better see the coal-bed reflections.

Let us now compare synthetic seismograms without and with two-
bounce multiple reflections using the reflectivity series developed
earlier in this report, a minimum and maximum amplitude on the plots
(fig. 38) ranging from -0.6 to 0.6, and a zero-phase-approximation wave-
let. Multiple reflections from the air/surface interface are suppres-
sed. As one would expect upon comparison of the reflectivity series .
without and with multiples, the synthetic seismograms look similar. The
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SHOGRAN--REFLECTIVITY SERIES WITHOUT MULTIPLES
E'?ﬁﬁ DISTANT® MAUELET NITH S.I.®
1

..S y
S FROM FILE 41 AND WAUELET’S UALUES FROM FILE 48
ﬂzsg G:tN OVER ENTIRE RECGRO

FROM <-0.60 TO 0.60 BETWEEM ORDINAL TICKMARKS
) 20 49 69 90 190 120 140 160 190 208

LI 2R B ) LR B 2L LR ey LR 2R B N ¢ T 1 3 LIRS LB 2R L LER BR BRI LR
N

. “ ! ™

J. i1/ n/\vl\,vavt;_.__
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SYNTHETIC SEISMOGRAM--REFLECTIVITY SERIES INCLUDES 2-BOUNCE MULTIPLES
20 NSEC RICKER "FAR DISTANT®" WAVELET WITH §.1.-0.8

REFLECTIVITY SERIES FROM FILE 42 AND WAUELET’S UALUES FROM FILE <8

ANPLITUDE MODE: FIXED GAIN OUVER ENTIRE RECORD

PLOT AMPLITUDES RANGE FROM <~9.60 TO 0.60 BETWEEM ORDINAL TICKMARKS

() 29 48 L . 80 100 120 149 169 180 200
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Figure 38. Comparison of éynthetic seismograms developed using a wave-
let of same shape and amplitude but with reflectivity series with-
out (above) and with (below) two-bounce multiple reflections.



main difference between the two synthetics is an extension of the tails
of waveforms and an increase in the amplitude of some later arrivals.

In all previous displays of synthetic seismograms in this report, a
fixed gain was applied over the entire record. However, when later
parts of the record were plotted at increased gain, one did so at the
expense of truncating some early events. Figure 39 shows a synthetic

CONPUTE AND DISPLAY SYNTHETIC SEISNOGRAM

00_YOU WANT TO USE PREUIOUSLY COMPUTED SYNTHETICSS <Y/M> [Y]
INSERT 8YN SEIS DATA TAPE [N 4924  FILE NO. -@

THREE DISPLAY OPTIONS ARE AUAILABLE:
1. FIXED GAIN OUER ENTIRE RECORD,
2. SELECTED GAIN WITHIN SEGMENTS, AND
3. PROGKAMED GAIN CONTROL (PGC>.

_MUMBER OF DISPLAY OPTION CHOSEN = (2]
NUNBER OF SEGMENTS

SEEHENT STAR @Iﬂi Eﬂbﬂ STAR“@IN END‘IH

SYNTHETIC STARTS AT @ AND ENDS AT 200 MSEC
ARPLITUDES RANGE FROM -S,1384S5393139 TO ‘.?3247'75‘54
SAMPLE INTERVAL FOR SYNTHETIC: 9.3 MSEC
TOTAL NUMBER OF VALUES IN SYNTHETIC: 481

MINIMUM AMPLITUDE ON PLOT = o )
MAXINUN AMPLITUDE ON PLOT = :

SYNTHETIC SEISMOGRAM--REFLECTIVITY SERIES WITHOUT MULTIPLES
29 NSEC RICKXER °FAR DISTAMT® WAVELET WITH S.1.20.8
REFLECTIVITY SERIES FRON FILE 41 AND HAUELET s UﬁLUES FRQN FILE <8
AMPLITUDE MODE: SEGMENTED GAIM IM 2 SEGMENT
PLOT AMPLITUDES RANGE FROM -6.00 TO 9.60 EETHEEN ORDINAL TICXMARKS

@ 29 40 68 80 100 129 140 160 180 208

BLLERER ] LS § T8 8 BLLELERS L3R IR 2 LB LR BRI LI BRI LR IRAR] LR R LA

2 2 2 42 Aod b 2 Dndnd P N decdndecd FE | Aresdrnabandbadenbdmi Rded ol U S |

Figure 39. Synthetic seismogram displayed by using different gains
.in two segments, as indicated by the boxed entries shown above.
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seismogram for which a constant plot-gain function is applied within
record-time segments of selected length. In this example, data were
read from file 49 of a synthetic seismogram data tape (SSDT)--the same
data that were used in the preparation of the upper record on figure 38.

After the data are read, you are requested to enter the number of
the display option that you have chosen (option 2), and then you are
asked to supply the number of segments (2 in this example). Next you
are prompted to enter the start time, end time, start gain, and end gain
for each segment. If start and end gains are equal, then & constant
gain is applied to all values within the specified segment.

In the example shown on figure 39, the segment boundary was selec-
ted at a low-amplitude time on the record (50 ms), and the plot gain was
made to be ten times greater in the second segment than in the first
segment. The ten-fold jump in plot gain if not taken at a quiet time on
the record would produce a marked change in the slope of the arrival at
the segment boundary.

Option 2 also can be used to produce a linear gain from the begin-
ning to the end of the record by using one segment and specifying the
start and end gains. For example, if the start gain was equal to zero,
and the end gain was equal to ten, then the record would be displayed
with a gain of five at its middle time.

Figure 4O shows the synthetic seismogram produced by application of
two linear gain functions with start and end times and gains as shown by
the boxed quantities. This plot exhibits a more balanced appearance for
the arrivals beyond 50 ms; however, as it is with any non-fixed-gain
display, distortion in the waveforms occurs. Note that the second
trough at 34 ms is shown to be deeper than the first trough at 26 ms--a
result of increased plot gain as a function of record time.

Selection of display option 3 allows a programed gain control (PGC)
function to be applied to the synthetic seismogram. This plot-gain pro-
cedure uses an exponential function whose start and half-gain times are
specified by the user. Half-gain time is the time on the seismogram at
which the gain is 50 percent of the ultimate gain of unity. Final gain
is the gain at the end of the record. In the example shown on figure
41, start time was at the beginning of the record (0 ms), half-gain time
was at a record time of 100 ms, and the gain at the end of the record
(200 ms) was 0.75. The plot of the PGC function shows the form of the
gein function over the complete time of the record. Since the function
is exponential, the rate of increasing gain will be greater during the
earlier part of the record; therefore, one would expect waveform dis-
tortion to be more pronounced for the early arrivals. The synthetic
‘seismogram on figure 42 was made using the PGC function of figure 41.

As anticipated, the early arrival beginning at 20 ms shows severe dis-
tortion--note the greater amplitude of the second trough relative to the
first trough resulting from application of the PGC function.
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CONPUTE AND DISPLAY SYNTHETIC SEISNOGRANM

DO_YOU WANT TO USE PREVIOUSLY COMPUTED SYNTHETIGCSZ ¢v/#) [¥]
INSERT SYN SEIS DATA TAPE IN 492¢  FILE NO. =

THREE DISPLAY OPTIONS ARE AUAILABLE:
t. FIXED GAIN QUER EHTIRE RECORD,
2. SELECTED GAIM WITHIN SEGMENTS, AND
3. PROGRAMED GAIN CONTROL (PGC,.

NUNBER OF DISPLAY OPTION CHOSEN = (2]
'NUNBER OF SEGNENTS = 2

SEGHENT STiHHE Eﬂbﬂe ST&RE&IN !NEjIN
2 »

SYNTHETIC STARTS AT @ AND ENDS AT _200 NS
ANPLITUDES RANGE FROM -1.69171918371 TO 3 69‘423555’7
SAMPLE INTERUAL FOR SYNTHETIC: 9.3 MSEC

- TOTAL NUMBER OF UALUES IN SYNTHETIC: 401

MINIMUM AMPLITUDE ON PLOT =
* MAXINUN AMPLITUDE ON PLOT =

SYNTHETIC S!ISHOGRGH-‘REFLECTIU!T? SERIES WITHOUT MULTIPLES
20 RSEC RICKER °FAR DISTANT® WAUVELET HITHM S.1.20.83

IEFLECTIUITV SERIES FROM FILE 41 AND WAUELET’S UALUES FROM FILE 48
AMPLITUDE MODE: SEGMENTED GAIN IN 2 SEGHMENTS

PLOT ANMPLITUDES RANGE FROM =-2.80 TO 4.09 GETKEEM ORDINAL TICKNMARKS

) 29 49 69 80 199 129 148 160 180 200 .

LIRS AR L L R AR L L J LN N B B LN S IR LRI LR 2 LR 2 2 J LA AN A 3

LERIRERJ

AA JIN / A/\I\/AA

TR ~ Vv

- A A A et L1 A 4 A 2 2 i dd Dt end . e

Figure 40. Synthetic seismogram produced after application of linear-
gain functions in two segments using values entered on figure 39.
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CONPUTE AND DISPLAY SYNTHETIC SEISMOGRAM

DO _YOU WANT TO USE PREVIOUSLY conrutm svwrnsnce" CY-N>
INSERT SYN SEIS DATA TRPE 'IN.4924 ILE HO

THREE DISPLAY OPTIONS ARE RUAILABLE:
1. FIXED GAIN QUER ENTIRE RECORD, .
2. SELECTED GAIN WITHIN SEGMENTS, AND N
3. PROGRAMED GAIM CONTROL (PGC).

NUMBER OF DISPLAY OPTION CNOSEN -@

START TINE =
HALF GAIN TIME =

FINAL GAIN = 8.73

e
109

DO YOU WANT TO PLOT PGC GAIH FUNCTION? ¢Y/M) (Y]

PGC FUNCTION FROM Ted TO 280 WITH FINAL GAIN = 8,73
PROGRANED GAIN CONTROL (PGC)> WITH HALF GAIN AT T = 188

Figure 41. Beginning pages of program four showing entries for PGC
function whose plot is shown on the lower half of the figure.
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SYNTHETIC STARTS AT © AND ENDS AT 200 MSEC

ARPLITUDES RANGE FROM -4.271326363665 TO 3.545281522223
SANPLE INTERVAL FOR SYNTHETIC: 9.5 WSEC

TOTAL MUMSER OF UALUES IN SYNTHETIC: 441

MININUN AMPLITUDE OM PLOT =
MAXINUM AMPLITUDE ON PLOT =

SYNTHETIC SEISMOGRAN--REFLECTIUITY SERIES WITHOUT MULTIPLES .

29 NSEC RICKER "FAR DISTARNT® HAVELET WITH S.1.=8.83
REFPLECTIVITY SERIES FROM FILE 41 AND WAVELET’S UALUES FROM FILE 48
ANPLITUOE MODE: PROGRAMED GAIN CONTROL (PGC> WITH HALF GARIN AT T = 109

P$LOT AMPLITUDES RANGE FROM =9.38 TO 0.63 BETHEEN OROIMAL TICKMARKS
® 20 49 6 (T} 100 129 140 160 189 200

RIEJBLEE LR R B LI L] LRI R R LI 2 i ¥ LR B LR I ) LA L ELE LA

T .

|

A V.'

A4 4 & S d b 2 0 & & 2 Aedend P 2 B4 4 20 L b A b bl kel Dt

Figure 4L2. Synthetic seismogram produced using the PGC function
specified and plotted on figure 41.

Next, let us examine a PGC function whose start time is not zero.
In the example shown on figure 43, a start time of 40 ms and a half-gain
time of 80 ms were used. As shown by the plot of the PGC function on
the lower half of figure 43, the PGC parameters entered cause all values
between times of O and 40 to be muted, and the choice of a half-gain
time of 80 ms causes the function to rise more rapidly than in figure
41; thus, the final gain (at a time of 200 ms) is greater than it was on
figure 41. Figure 44 shows the synthetic seismogram produced when the
PGC function specified on figure 43 is applied. Note that the early
arrival beginning at a record time of 20 ms has been muted.
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COMPUTE AMD DISPLAY SYNTHETIC SEISMOGRAM .

D0 YOU HANT TO USE PREUIOUSLY COMPUTED SYNTHETICS? CY/H)[E]
INSERT SN SEIS ORTA TAPE [N 4924 FILE MO. =

THREE DISPLAY OPTIONS ARE AUAILABLE:
. 1. FIXED GAIN OUER ENTIRE RECORD,
2. SELECTED GAIN WITNIN SEGMENTS, AND
3. PROGRAMED GAIN CONTROL (PGC).
WUMBER OF DISPLAY OPTION CHOSEN = (3]
START TINE =
HALF GAIN TIRE = (80
"FINAL GAIN = 8.937S
DO YOU MANT TG PLOT PGC GAIN FUNCTION? <Y/N) (7]

PGC FUNCTION FROM T=@ TO 280 WITH FINAL GAIN = 09,9373
PROGRAMED GAIM CONTROL (PGC)> WITH HALF GAIN AT T = g0

Figure 43. Beginning pﬁges of program four showing entry of a PGC
function with a non-zero start time.
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MINIMUM AMPLITUOE ON PLOT -
MAXINUN AMPLITUDE ONH PLOT =

SYNTHETIC STARTS AT © AND ENDS AT 200 MSEC

ANPL ITUDES RAMGE FROM =9.232914184351 TO 9.344313156646
SARPLE INTERUAL FOR SYNTHETIC: 9.5 NSEC
OTAL NUMBER OF UALUES IN SYNTHETIC: <48t

-4

SYNTHETIC SEISMOGRAM--REFLECTIVITY SERIES WITHOUT MULTIPLES

ICKER °FiR DISTANT® WAUELET NITH S.1.=9.3

29 NSEC R
ALl e Shon FULE L St §oilils s e e
: . Y
PLOT AMPLITUDES RANGE FROM <=9.30 TO @.4@ BETHEEN ORDINAL TICKXMARKS

20 40 ({"] se 160 120 140 160 18e 200

P

e ¥ ¥ LR LR SR B J LR L AL LR LR LI R L LANR e BN LR R IELE
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f
muu AWV

Figure 44. Synthetic seismogram produced upon application of the PGC

function specified on figure 43.

Although the three display options shown so far in this report are

included as part of the synthetic seismogram program, these procedures
also could be applied to observed data, as could the AGC (adaptive gain
control) methods to be discussed in the next section.
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DISCUSSION OF PROGRAM TO COMPUTE AND APPLY
AGC FUNCTION TO SYNTHETIC SEISMOGRAM

The adaptive gain control function of this report uses a gain nor-
malization curve derived from a set of rms values obtained over windows
whose intervals (shift times), lag times, lead times, and start time of
the first window are specified by the user. Figure 45 illustrates the
entry of these quantities and a plot of the AGC gain function applied
to the values of the fixed-gain synthetic seismogram stored in file 49.
A Lanczos-conditioned, folded (sin x)/x interpolator is used to obtain

APPLY AGC TO SYNTHETIC SEISMOGRAM
INSERT $YM SEIS OATA TAPE IN 4924  FILE NO. = [43]

MOTE: GAINS EXTERIOR TO AGC INTERUAL SRE CONSTANTS NITH
START GAIN & FIRST AGC GAIN RHD END GAINH = LAST AGC GAIM

AGC START TINE = [T
HINDOHW LAG TIME = Eﬂ
WINDOW LERD TIME = |i¢
HINDOW LENGTH = J¢
UALUES/HINDOW =
HINDOW INTERUAL =
HO. OF WINDOWS =
AGC END TIME = {30
NO.OF AGC URLUES = 291

DO YOU WANT TO PLOT AGC GAIN FUNCTION? (Y'/N)

MHORMAL I2ED AGC GAIMN FUNCTION FROM T=23 TO 159
HO. OF VALUES=291 MIN VALUE=Q.172012019881

Figure 45. Beginning pages of program five showing entry of values used
to develop AGC function.
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gain-function values interior to those at the window times. The synthe-
tic seismogram resulting from application of the AGC function specified
on figure 45 is shown on figure 46.

SYNTHETIC STARTS AT @ ANO ENCS AT 298 MSEC -
AMPLITUDES RANGE FROM -93.303724013123 TO 0.459%801%3221
SAMPLE INTERVAL FOR SYNTHETIC: 0.3 MSEC

TOTAL NUMBER OF UALUES [N SYNTHETIC: ad1

NININUM AMPLITUDE ON PLOT = (-3,

MAXINUM AMPLITUDE ON PLOT =(3.S

SYNTHETIC SEISMOGRAM--REFLECTIUITY SERIES WITHOUT MULTIPLES
29 WSEC RICKER “FAR DISTANT® WAUELET WITH S$.1.=9.85
REFLECTIUITY SERIES FROM FILE 41 AND WARUELET’S UARLUES FROM FILE 48
AMPLITUDE MODE: ROAPTIVE GAIN CONTROL (RGLC> FRGOM S& TO 129
PLOT AMPLITUDES RANGE FROM -9.28 TO Q.30 BETWEEN ORDIMAL TICKXMARKS

Q 20 Y T 30 100 129 140 160 138 200

L AN BN AR § LERBRER] LER S LRI T 8V ¥V LR R LN LR BN B J LR B LB BB

|

-

wbhandendde edendahaed: Sl Dkt Skt D Ld ol W . D N .

Figure 46. Synthetic seismogram prcduced upon application of the AGC
function specified on figure 45.

) In the examples on figures 45 and 46, the AGC function begins at 50
ms and ends at 150 ms. Gain from O to 50 ms equals that computed at 50
ms; unity gain is applied from 150 to 200 ms. Thus, no distortion of
waveforms occurs in the intervals from O to 50 and 150 to 200 ms.
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EXAMPLE OF SYNTHETIC SEISMOGRAM SECTION

So far we have produced and examined synthetic seismograms develo-
ped for one location. Let us now construct a set of synthetic seismo-
grams at several locations at which the depth to one of the horizoms
varies--in effect, construct a seismic section. Because the synthetic
seismograms of this report are one dimensional, we are forced to assume
the dip of the horizons is small at each location.

Figure 47 shows interpreted depths and thickness of two coal seams
at six widely spaced locations. What we want to examine is the varia-
tion in seismic response as the lower coal seam approaches and then
merges with the upper seam.

Respective velocities (m/ms) eand densities (gm/cc) used in the
model are as follows: overburden--1.8/2.0; coal--1.5/1.3; interburden--
2.0/2.2; bottom layer--2.5/2.5. Depth to the 2-m thick coal is 10 m and
depths to the 6-m thick coal at locations 1 through 6 are 62, 32, 22,
17, 14, and 12 m respectively.

1 2 3 4

5 6
1L 10
| Lz 2% i
. 2 h i I 30

| N Rl . | s0
A2 | I I 70

Figure 47. Coal seam thicknesseses and depths at the six locations for
which synthetic seismograms are constructed.

Four synthetic seismogram sections are presented: a pair using a
20-ms wavelet of the zero-phase-approximation form with an apparent fre-
quency of 125 Hz, and a pair using a 10-ms wavelet of the minimum-phase-
approximation form with an apparent frequency of 200 Hz. Each pair shows
the section both with and without two-bounce multiple reflectiomns. All
synthetic seismograms are displayed with the same fixed gain.

Figure 48 shows synthetic seismogram sections using an approximate

zero-phase wavelet whose apparent frequency is 125 Hz. The upper section
includes two-bounce multiples, the lower section is without multiples.

52



I r ] .1 r A r r 10 ;
= ==
- —— WITH MULTIPLE REFLECTIONS {—T—

T B
r r ! r r — - 1Cl‘
E=S=E—t-——-=—
2 < » 50,
% WITHOUT MULTIPLE REFLECTIONS —
i E

Figure 48. Synthetic seismogram sections with (upper) and without
(lower) two-bounce multiple reflections. Wavelet is an approx-
imate-zero-phase wavelet whose apparent frequency is 125 Hz.

Figure 49 shows synthetic seismogram sections using an approximate-
minimum-phase wavelet whose ‘apparent frequency is 200 Hz. The upper
section includes two-bounce multiples; the lower section is without
multiples.

Although the synthetic seismograms displayed on these sections were
derived from a highly simplistic model, much can be learned from exami-
nation of these sections. For example, one can determine the conditions
for resolution of bed and interburden thicknesses as functions of wave-
let shape and duration and one can see bed-thickness tuning effects.
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" Figure 49. Synthetic seismogram sections with (upper) and without
(lower) two-bounce multiple reflections. Wavelet is an approxi-
mate-pinimun-phase wavelet whose apparent frequency is 200 Hz.

ADDITIONAL COMMENTS ON THE PROGRAMS

In order to put the programs of this report to work, you must know
how to perform the following operations:

1. transcribe the programs into the computer,

2. store the programs on magnetic tape,

3. retrieve the programs from magnetic tape,

4. enter information from the keyboard, and

5. copy the screen display.
These tasks are documented in the computer's operator's manuals.

Four control characters (ones requiring the holding down of the
control key as the letter is entered) are used in the programs: G (ring
bell), K (move cursor up one line), L (erase screen and move cursor to
the HOME position), and the RUB OUT (move cursor to the left margin and
down one line). In the printed listing these control characters are
shown as G_, K_, L , and __, respectively.
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To achieve maximum data packing on master data tapes, all record
data are stored as three-byte hexadecimal values. A specially designed
ROM is used to convert MDT (master-data-tape) data from hexadecimal to

~digital values and later to convert digital values to hexadecimal prior
to storing them on a master data tape. The occurrences of these ROMs
can be recognized in the programs by the statements of the form: CALL
“HEXDEC",B$,V,LEN (B$),3 (where B$ is the string variable containing
data in hexadecimal and V is the array containing the data in decimal),
and CALL "DECHEX",B$,V,1001,3 (where 1001 is the size of the V array).
ROMs also are used to speed the finding of the minimum and maximum
values of a function--recognizeable in the program listings by state-
ments of the form: CALL "MIN",V,R1,I1 and CALL "MAX",V,R2,I2G--and to
plot a function--identifiable by a statement of the form: CALL "DISP",V.
All of the above operations can be performed by BASIC programs; however,
it is considerably faster to employ ROMs. .
As 8 convenience to the reader who may wish to copy and store the
programs of this report separately, the five programs used in the com-
putation and display of synthetic seismograms and the sample-problem
progranm are listed following the appendix.
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APPENDIX~-DISCUSSION OF PROGRAM TO GENERATE FORWARD-MODEL DATA

In the belief that the best way to learn the use of a computer
program is by working through examples, a program to generate sample-
problem data is included in thie report. With its use, the user can
simulate data as if they had been obtained from a density and acoustic.
log. Sample problem data entered on figure 1 were obtained in this way.

The program begins by asking you if you want to work in the metric
_system. If you answer with a Y (as is done on figure A-1), then you are
told the metric unite to use; if you reply with an N, then distance data
are entered in ft and velocities in ft/sec, but densities (in keeping
with standard practice) are entered in grams/cubic centimeter. Regard-
leses of which system of unite you elect, the transit time on the sonic
log will be expressed in microseconds per foot.

Next you are asked to enter the number of layers in the model. The
computer program is designed only to handle layers within which the den-
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sity and velocity are constant and whose thickness is an integer. Upon
completion of the computations, you are asked if you want to store the
results on a master data tape (MDT) and then are prompted as to the
procedure to be followed to store these data. )

SYNTHETIC SEISNOGRAM: GENERATE SAMPLE PROSLEN DATA
D0 YOU WANT TO WORK IN THE METRIC SYSTEM? <Y or W[Y]
WOTE: ENTER OIST.=INTEGER M3 VEL.H/NS § DEN.GN.CC
MUMBER OF LAYERS IN THE MODEL =[2]]

LAYER NO. ™ s DENSITY 1Ty
2 7 .6 o4
3 2 :.7 .3
: : 4 $
6 18 53: .7
7 20 2.2
s s 2.5 3
9 i2 2.3 2.3
{ 1 1.3 1.8
I 14 2.3 2.6

2 3 i3 1.0
3 2 .2
11 ] i.: 5.0
16 f %
7 1 2.4
: : g
20 313

IHSERT MOT IN 4924
LENGTH OF FILE REQUIRED = 4608
ODOES FILE HAVE SUFFICI LENGTH? (Y OR W)

WUNBER OF FILE TO BE MARKED = 39

INSERT MDT IM 4951
ARE YOU READY TO PROCEED? CY OR M) [¥])

INSERT MDT IN 4924
ARE YQU READY TO PROCEED? (Y OR M)
DATA STORED IN AND RETRIEVABLE FROMN FILE 39

D0 YOU HANT TO SEE MODEL AND SAMPLE PROBLEN DATAT (Y OR N)
DO YOU HANT TO PRINT ON 46427 (Y OR W) (Y]

DO YOU NANT TO TABULATE LOG DATA? CY OR M) [f)
DO YOU HANT TO PLOT SINULATED LOG DATA? (Y OR ) [¥]

Figure A-1. Screen copy of beginning pages of sample-problem progrem
showing examples of data and replies entered.

56



Figures A-2a and A-2b show tabulations made on a printer {optional:
display could have been made and then copied from the screen) of the
sample-problem data. If in reply to the gquestion as to whether you want
to tabulate log data you enter a Y, then a listing such as partlally
shown by on figure A-3 is made.

QUICK PRINT OF MODEL RAND SAMPLE PROBLEM DATA
SYN SEIS -- SAMPLE PROB DRTA FROM MODEL  SECTION MO. OF LAYERS = 21
LAYER THICKNESS IN m:

3 I'e 2 6
2 i8 28 S
12 1 14 3
2 4 1 1
1 r 7 9
. 15
LAYER DENSITY IN a3m-cc:
1.5 1.6 1.7 1.8
1.9 .21 2 2 2.5
2.2 1.2 2.3 13
2.2 1.3 2.2 2 3
2. 4 2 4 2 4 295
2 6
LAYER VELOCITY IN m/mS: .
9, 2 Q 4 8,5 8.6
8.9 1.7 2 2,
2.5 1.8 2.6 1.8
2 1.8 2 22
2. 4 2.6 2. 6 33
3.6
LAYER ACOUSTIC IMPEDANCE IN ka/mT2sx10816:
9. 45 9 64 9. 85 1 88
1,71 2. 57 4. 4 7.5
S. 7S 2.“4 S.98 2.24
4 4 : . . 24 4, 4 S. 96
5. 76 6 24 6. 24 8. 25
Q 36
REFLECTION TIME TO BRSE OF LRYER IN msec:
20 S5 63 83
O7. 4444444444 108. 6208915632 128. 628915833 131. 954248366
141, 554242356 142, 665259477 153. 434590246 156, TETO2258
158. 76792358 1€3. 212363624 164, 212258024 165, 121458932
165. 954792267 171 332407551 176, 724023026 182. 1785€849

198. 511201824
PEFLECTION COEFFICIENT: .
8. 1743119266086 8, 148939537315 8. 113170984455 8. 2258086451613

9. 352272727273 8. 184140526976 8. 260584201681 -0. 1320875471698
-9. 4215080834611 @. 4275 -8. 4273 8. 285637982196
-8. 295627982196 9. 385637982196 = ©.0697674418603 0. 9646950092421
@ 84 - e 9. 138716356108 ©. 8630323673727
]

Figure A-2a. Tabulation of entered and computed values for the sample
problem used as data input on figure 1.
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DEPTH TO BRSE OF LRYER IN m.

E 4 18 12 18

20 28 38 [

?5 76 90 93

95 99 . 100 101

182 109 116 125 *
140 .
INTRA~-LAYER SONIC-LOG TRANSIT TIME IN microsec/ft '

10:6 762 €09, 6 Se8
238.666666667 179 294117647 152. 4 101. 6

124, 92 169, 323323232 117, 2287692321 169,332333333
1S2. 4 168, 332333333 152, 4 128, 545454545

127
24. 666666667
TFPANSIT TIME/m

FOP

117, 23076922

ERCH m OF [EPTH

117, 220769221

92. 3626362636

1018 1816 1016 TE2

762 762 762 762

762 762 €09. 6 €09, 6

S88 ses Ses Ses

Ses Ses 238. 666666667 238, 666666667

179, 294117647
179, 294117647
178, 284117647
179, 2949117647

179, 294117647
179, 294117647
179, 294417647
179, 294117647

179. 294117647
179, 294117647
179, 294117647
179, 294117647

175, 294117647
179, 294117647
179. 294117647
179, 294117647

178 294117647 179, 294117647 152, 4 152, 4

152, 4 152, 4 152. 4 152. 4

152, 4 152. 4 152. 4 152. 4

152. 4 152. 4 152. 4 152, 4

152, 4 152. 4 152. 4 152. 4

152, 4 152. 4 101. 6 101. 6

101. 6 181. 6 161, € 124,92

121, 22 121, 82 121. 92 121, 22

121, 92 121, 92 121.92 121, 82

121, 22 121 82 121. 92 1698 333332222

117. 228769231
117, 238769231
117, 230769231
117. 2208769221
169, 332223333
169. 222323333
128, 545454545
117. 228769221
117. 228769231
117, 220762231
$2. 36362632636
92. 3636262626
92. 3636362626

&4 6566666667
B4 6666666657

117 238769231
117, 230769231
117, 238769231
117, 228769231
152 4

169. 223322233
127

117. 238769231
117.23087692231
117, 228769221
92. 3636263636
92, 3636362636
B4, 668666€657
B84, 6666666667
B4, 6666665667
84, 6666666667

117 230769231
117 2307695231
117, 230769231
169. 333333333
152. 4

168, 233333333
117. 228769221
117, 220769231
147, 230769231
117. 230769231
82, 3626262626
92. 2626262636
B4, 6565666667
84, 6666666667
B84, 66665€666€7
84: 6666666667

117. 220769221
117. 230769221
117. 220769231
169, 333333333
169. 333333333
152- 4

117. 2320769221
117, 230769231
117, 2387695231
117, 230769221
92, 3636352636
82, 3636362636
B4/ 6666666667
84,6666666557
B4, 6666665667
B84: 66656666€T

0ATR STORED IN FILE 29

Figure A-2b. Continuation of tabulation of entered and computed values
for the sample problem used as data input on figure 1.

In the example, the density, transit time, and computed interval
velocity are tabulated only for the first 50 m of the section. If you
elect to plot the simulated log data, you are given the ranges of
depths, densities, and transit times and then prompted (fig. A-4) to
enter minimum and maximum values and tickmark intervals for the plots.
Although the practiced eye can detect entry errors on a tabulation of a
large mass of data, a plot such as that of figure A-4 makes it much
easier to see a mistake in entry of model parameters. Note that in the
selection of the transit-time plot range on figure A-{ that the maxi-
mum transit time was entered as 200. This was done so that the coal
section would show in more detail than if the full range were displayed.

58



DRTR RS IF AR LOG HAD BEEN RUN
DEPTH (m> DENSITY(am/cc?> TT<usec/fl)> VELm /mS>

1. 1. 50 1016 e 3
2 1. 50 1015 e 3
2 1 50 1016 o3 -
4 1 ¢o 762 e 4 -
s 1. 60 762 e 4
6 1 50 762 0 4
? 1 5@ 762 84
8 1 60 762 e 4
s 1. 60 762 e 4

10 1. 60 762 e 4

11 . 1.70 610 8.5

12 1.70 610 e 5

1z 1 e0 508 06

14 '+ 1.e0 see e s

15 1. 80 see e €

16 1 80 ses e6

17 1. 8@ . See 6

18 1:80 Ses .6

19 1. 90 339 0.9

20 1 90 329 e s

21 2 10 179 1.7

2z 2 10 1Te 17

2z 2 10 17e 17

24 2 10 irs 1.7

2s 2 10 179 17

26 2 10 , 179 1.7
rO 2 18 179 1.7

28 2 10 17e 1.7

20 2 10 179 1.7

ze 2 10 179 1.7

21 2 10 i 1.7

22 2. 10 179 1.7

232 2 18 179 1.7

24 2 1@ 179 1.7

s 2 10 179 1.7

6 2. 10 179 1.7

27 2 10 179 c1.7

g 210 179 17

s 2z 152 ze

40 2 20 152 20

41 2 20 152 20

42 2 20 152 20

43 2. 20 152 2.0

44 . 220 152 2e

45 2 20 152 20

46 2 20 152 2.0

4? 2. 20 152 20

8 2 20 152 .28

43 2 20 152 20

se 2. 20 152 2.0

Figure A-3. Tabulation of first 50 m of simulated density and acoustic
log data (with computed interval velocities) for sample problem.
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depth on plot
fax
Density tickmark interve! -[%

ENTER PLOT LINITS -
Depths rur fromn 8 to 140
in.
Mex. depth on plot E .
Depth tickmerk intervel .
Densities renge from 1.3 to 2
Nin. density on plot
. dansity on plot
Transit times renge from 94.6666666667 to 1816
Nin. trensit time on plot ={B¢
Hex. trensit time on plot =
Trensit time tickmark int =20

SYN SEIS —- SANPLE PROB DATA FRON MODEL SECTION DATA IN FILE 39
LOGGED DENSITY IN sm/cc . g MAHSIT TINE IN usec
. B 2,1 2.4

WBBMN-MEB T THYVMO

‘DO _YOU HANT TO REPLOT MITH DIFFERENT PLOT LINITS? CY OR W)
PROGRAN COMPLETED: 11-NOU-$2 13:19:33 .

Figure A-4. Plot limits and resulting plot of sample problem data.
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LISTING OF PROGRAM TO ENTER DATA AND CONSTRUCT
ACOUSTIC IMPEDANCE AND REFLECTION COEFFICIENT SECTION

100 PRINT "L.ENTER DATR AND CONSTRUCT RCOUSTIC IMPEDANCE AND REFL. “;
1108 PRINT “COEFF.- SECTION“

120 INIT

130 DIM ASC22), C$<2T), DEC(14), FEC2), G$CL), Ls<12>, N$(175,; 08C13)>, US(14>
140 DATA 1,1000,1000.1.1. 806,2. 857.1.1, 0.5, 1 .
158 READ K1, K2, K3, K4: KS, K6, K7, K8, N4, N7, Q1 -
160 PRINT "..DO YOU WANT TO WORK WITH SAMPLE PROBLEM DﬁTRﬁ CY/NY %
178 INPUT Gs . .

480 IF Gs$="N" THEN 220

190 Q=2

200 GOSUB Svee

210 GO TO 2%

220 PRINT "..ARE ACOUSTIC AND DENSITY LOG DﬂTﬁ TO BE ENTERED? (V(N) ";
‘220 INPUT Gs

240 IF Gs="N“ THEN 28e

250 Nes=i ' L.

268 PRINT “..NOTE: ALL QUANTITIES IN METRIC UNITS EXCEPT TRANSIT TIMES"
278 PRINT * ~ ON RCOUSTIC LOGS WHERE UNIT 1S MICROSECONDS/FOOT. *
280 REM »= ENTER LOCATION DATA . .

290 GOSuB sse 7 )

300 REM »» ENTER DATAR & COMPUTE FOR ZONE 1 <ABOVE LOGGED INTERVARL)>
310 GOSUB 1048 . .

320 REM #»+ ENTER RACOUSTIC AND DENSITY LOG RANGES , ZONE 2

230 IF N4=@ THEN 370 .

240 GOSUB 1230 . : .

250 REM +== ENTER & COMPUTE DATA FOR 2ZONE 2 C(LOGGED INTERVALD

3260 GOSUB 1570

37@ REM == ENTER & COMPUTE DATA FOR 20NE 3 <BELOW LOGGED INTERVAL)>
280 GOSUB 1970 ' ' .

390 REM #»=.COMP. INT V¥, INT D, IMPEDANCE AND REFL. COEFF RS F(DEPTH>
400 GOSUB 2140 : . .

410 GOSUB 2T10

420 GOsug 2S7e

430 GOSUB 2878 .

4498 PRINT "_.DO YOU WANT TO STORE RESULTS ON A DATAR TAPE? <(Y/N> *;
450 INPUT Gs

460 IF Gs$=“y* THEN 490 -

470 Fi=Q )
480 GO TO S10 ’

490 PRINT * NUMBER OF FILE ON WHICH DRTR RRE TO BE STORED = “;
S08 INPUT F1 -

S10 PRINT "__DO YOU NﬂNT TO PLOT RESULTS? C(¥Y/N> *;

520 INPUT Gs

530 IF Gs="N" THEN 820

549 REM == PLOT RESULTS ON CRT

S50 RESTORE Sée

362 DATA 10, 58, €8, 88, 82, 120. 10, 92

S7e RERD Bi, B2, B4. BS: B?7.B8,C1, C2

580 GOSUB 2979 . .

598 Z=20-2 y ‘ :

600 GOsSuB 23S0

610 GOSuUB 3800

620 GOSUB 4130

€20 GOSUB 42350

648 GOSUB 445¢

650 GOSUB 4710

660 GOSUB 4920

670 GOsSus 3S1%e

680 GOSUB 3240 ) : .
€58 GOSUB S350 )

700 WINDOW O, 130, 8, 100

710 VIEWPORT ©.130. 0,108

729 MOVE 6.8

730 PRINT

T40 PRINT "“L.DO vYOU WANT TO PEPLOTT (W/N>
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S0
vee
77e
780
790
8ea
810
820
820
840

)
870
8ee
890
500
210
920
530
540
550
sea
570
g80
990
1000
1810
1020
1030
1040
1050
1060
- 1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1220
1240
1250
1260
1270
1280
1290
1200

210
1220
1230
1240

3%
1360

270
1220
1290
1400

INPUT G

IF G$="N" THEN 820

WINDOW ©.120.0, 100

VIEWPORT 0.130. 80, 100@

Z=28~2 .

Z?=Z20~-27

GO .TO See

IF Fi=0 THEN 860

REM #»+« STORE RESULTS ON MDT

i radord
GOSUB 5430 . -
PRINT "G.G_G__.PROGRAM COMPLETED" .
END
REM »% SUB: ENTER LOCRTION DARTR
PRINT "L Area name (20 char, max> = *%;
INPUT RS
PRINT "Site desisnation (7 char.-ax* = "
INPUT US .
PRINT * Date compuled <12 char,max) = %;
INPUT Ds :
PRINT "o Lat. of site (10 char, max) = %;
INPUT Ls -
PRINT " Lone of site <11 char, max> = %;
INPUT Os ’ -
PRINT "Counlty & State (23 char.max) = “;
INPUT Cs
PRINT “.. Elevation of site center = *;
INPUT €1
RETURN .

REM % SUB: ENTER VEL-DEN DATR FOR ZONE 1 CABOVE LOGGED INTERVAL >
PRINT “L_NO. OF LAYERS IN 2ONE 1 = *;

INPUT NO

IF N@=D THEN 1220 ’

DIM ALCN), DACNBY, VACNG), Z1(N@Y, 28CN@>

Z6=0

PRINT "LAYER NO. LAYER THICKNESS LAYER DENSITY - LAYER VELOCITY"
FOR J=1 TO NO .

PRINT " " ;v o .

INPUT 21¢J> ‘ .

26=26+24(J>

28¢J>=26

PRINT "K_ - : "

INPUT D1CJ) :

PRINT "K_ : "
INPUT Vva(J> : :
ALCI>=DLCIIMVACT> - .

NEXT J

RETURN

REM =% SUB: ENTER DATA FROM DENSITY AND ACOUSTIC LOGS

PRINT “L_ENTER DEPTH-SEGMENT DATR FOR LOGGED INTERVAL"

PRINT *__ NUMBER OF SEGMENTS = *;

INPUT N1 -

DIM N2CNLD>, S2¢N1>, S3(N1D, S4¢N1>

IF No=@ THEN 1220

S2(1>=23C(NO>

PRINT “__ Defth to tor of sesment 1 = “; S2<(1)
GO TO 12340 )

PRINT *__ Derth to toP of zesment 4 = *;
INPUT S2<4O :

PRINT * Depth To base of sesment 1 = ;
INPUT S3<C1>

PRINT * Sl within sesment 1 = *;
INPUT S4<1)
N2CA>)=INT((S3(1>-S2C4 >+1 BE=-2)/54C1)>>
IF Ni=1 THEN 1490

FOR J=2 TO N1
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1410
1420
1430
1440
.14%50
1460
147e
1480
1450
1508
1510
1520
iS3e
1540
1550
1360
157e
i15ee
15s@
1600
ié10
1620
1630
1640
1630
1660
i67@
1680
1é50
1700
710
1720
4730
1740
i73e
1760
1770
1780
1790
1800
1810
1820
1e30
1840
1850
1860
1870
180
1898
1960
i91e
1920
193e
1540
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
<050
2060

S2(J>=S3(J-1>

PRINT “o. Depth to ToP of sesment "; J; " = ", S2¢J>
PRINT * DefPth to base of sesmentT “;J; " = %;

INPUT S3¢J»

PRINT * SI within seswent “; J;" = *;

INPUT S4<¢I>

N2CJI>®INTC(S3I(TI=S2¢T>+1. OE-2>/S4(JT>>

NEXT J

CRLL “MAX", N2.,N3. 13

DIM R2CNL, N3>, D2CNL, N2>, TQCNL, N2>, V2CN1, N3>, Z2(N1, N2> -
A2=9

D2=0

T2=0

V2=0

22=9

RETURN

REM #% SUB: ENTER TRANSIT TIMES AND DENSITIES FROM KEYBORRD
IMAGE "K.", 48X, 2D. 4D

IMAGE "K_*, 24X,D. 4D -

FOR J=1 TO N1

22¢J7, 1>=52¢J>

FOR K=2.TO N2<J>

a2CJ, K>mZ2CJT, K=1)>+54<J)

NEXT K

NEXT J

PRINT "L_ENTER TRANSIT TIMES AND DENSITIES"

K3=304. 8

PRINT “DEPTH  TRANSIT TIME VELOCITY  DENSITY IMPEDRNCE";
PRINT * X 101t-9* .

PRINT "TOP.m microsec/ft m/ms eC sm/cc kel mtras "
L=3

FOR J=1 TO N1

PRINT “SEGMENT # ";J

Lel+1

FOR K=1 TO N2<J)>

L=L+1

IF L<C32 THEN 1810

MOVE ©,0 :

PRINT ) ST

L=0 T

PRINT * ";22¢J.K>; " "5

INPUT T2¢J, K>

V2¢J, K>=K3/T2¢J, K>

PRINT USING 1390:V2¢J.K> :

PRINT “K. “;

INPUT D2¢J. K>

R2CJ, K> =KaxD2<J, KO)*VY2¢(J, K>

PRINT USING 13580:R2(J.K>

NEXT K

NEXT J

N4=N2<(1)

IF Ni=1 THEN 1960

FOR J=2 TO N1

N4=N4+N2¢JT>

NEXT J

RETURN

REM ## SUB: ENTER VEL-DEN DATR FOR 2ZONE 2 (BELOW LOGGED INTERVAL)
PRINT "L_NO. OF LAYERS IN ZONE 2 = ";

INPUT NS

IF NS=9 THEN 2130

DIM R3CINS>, D’(NS);VB(N5>,23<N5>

R2=0

PRI ”..LRVEP NO. LAYER THICKNESS LAYER DENSITY LAYER VELOCITY"
FOR J=1 TO NS

PRINT * PR Pl *;

INPUT 220J>
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2872 PRINT "K. - "
2082 INPUT D3¢J>

2090 PRINT “K..

2100 INPUT V(>

2110 A3CJI>=YICII#D3CI>

2120 NEXT J

2130 RETURN

2148 REM #+ SUB: COMBINE ZONAL VALUES AS FUNCTION OF DEPTH
2150 NE=NO+N4+NS

2168 DIM ACNGY, DINEY, RINEY, VINED, Z(NED

2170 Le=@

2180 IF Ne=@ THEN 2278

2190 REM #* ZONE 1

2200 FOR J=1 TO No

2210 L=L+1

2220 ACI>=ALCID

2238 DCJI>=D1¢JI>

2248 V< =YL

2250 2¢J>=28¢J)>

2260 NEXT J

2270 IF N4=@ THEN 2380

2288 REM #+ ZONE 2

2296 FOR J=1 TO N1

2300 FOR K=1 TO N2(J)

2210 L=L+1

2320 ACL>=AR2¢JI, K>

2320 DL>=D2(J, K> -

2340 vCL>=Y2(J, K>

2330 z<L>-zz<J,K>+S4<J>

2380 NEXT K

237@ NEXT. J

2380 REM #% ZONE 3

' 2399 IF NS=@ THEN 2450

2400 2S=2(L)>

2410 FOR J=1 TO NS

2420 Lsi+1

2430 ACLO=A2CID

244@ DCLO>=D3CI>

2450 VIL>=vI(D

2460 25=25+22¢J>

2470 2¢L)>=2S : .

2480 NEXT J

249¢ DELETE A1, A2, A3. D1, D2, D3, Vi, V2. V3, 21, 22, 23
2500 RETURN

2510 REM = SUB: COMPUTE REFLECTION COEFFICIENTS
2520 R=0 .
25208 FOR J=2 TO N6 ,
2540 RCI-1>=CACII-RCI-1)>/CRCII+ACI-1>> ]
255@ NEXT J

2560 RETURN

2570 REM % SUB: COMPRESS LENGTH OF REFLECTIVITY SERIES
2580 DIM R4(N6>, D4(NEY, V4(NE), 24(NE>. R4C(NED

- 2599 A4=A

2600 A=Q

2610 D4=D

2620 D=0

2620 vasy

2640 V=0

2650 242

2660 2=0

2670 R4=R

2680 P=@

2690 L=@

2700 FOF J=i TO N6-1

2710 IF R4:J:=g THEN 27Se
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<720
273e
2740
Q788
2760
2770
788
2798
28090
2810
2820
<828

«858
2860
2E70
2880
28%¢6
2900
2918
2920
2938
2948
2938
2960
2970
29880

S000
3e1e
3020
3030
3040
3ese
3060
3eve
3088
- 3090
3108
2118
3120
3120
2140
2150
2160
317e
3180
2198
3200
3210
3220
2220
3240
3250
3260
3270
2280
3290
33e0
3210
2220
330
3248
225e
=36e

=Z7e

L=+l

RCLO=R4(T)D

DCL>=D4C >’

YL )=Y4<( >

2¢L)>=24¢J)>

RCLIY=RACT>

NEXT J

ACL+1)=R4C(NE>

D<CL+1)=D4(NED

VCL+1Oo=VY4(NED> . -
2¢L+1>=224(N6> .

RCL+1)=R4(NED

NE=sl_+1 .

DIM RCNE), DCNEY, VCNE), 2¢NE>, R(N6ED
RETURN

REM #% SUB: COMPUTE RANGES OF VARIATES
CALL "MIN".R. A7, 11

CRLL “MAX", R, RS, 12

CALL "MIN",D. D7, I2

CALL "MRAX",D, D8, I2

CALL "MIN".R,R?/I1

CALL "MRAX",R.RS6, I2

CARLL "MIN", V. V7,11

CALL "MAX“,Vv.v8,12 -

RETURN . -

REM #» SUB: ENTER PLOT LIMITS

PRINT “L_ENTER PLOT-LIMIT VALUES" :

PRINT "__Derths ranse from ";27;% to ":2(NE>," meters"

PRINT " . . Min. defth on Plot = %

INPUT 29 - ’ .

PRINT * ' Max. dePth on Plot = *;

INPUT 20O , .

PRINT * Derth tickmark interval = %; )
INPUT M1 . ) N
PRINT "__Densities ranse from “;D7:" to ";D8; " smlcc® - '
PRINT * Min. density on Plot = *; -

INPUT DS ] - R

PRINT * ~ Max. density on fPlot = ";

INPUT DO -

PRINT * Density tickmark interval = %;

INPUT M2 .

PRINT "_.Velocities ranse from ";V7;" to ";V8;" m’msec”
PRINT * . Min. velocity on Plot = *;

INPUT V9

PRINT * Max. velocity on Plot = ¥;

INPUT V@

PRINT " Velocity tickmark interval = *;

INPUT M3 ,

PRINT “__Refl coeff’s ranse from ";R?; " to ";R8

PRINT * Min. refl coeff on Plot = ¥;

INPUT R9 .

PRINT * Max. refl coeff on Plot = ¥;

INPUT RO i

PRINT "Refl coeff tickmark interval = “;

INPUT M4 . .

PRINT "__ImPedances ranse from “;A7; " to "; A8 " x 181-2 ke/mt2s"”
PRINT * Min. imPedance on flot = “; .
INPUT RS .

PRINT " Max. imPedance on Plot = ¥;

INPUT RO

PRINT “ ImPedance tickmark interval = “;

INPUT MS

RETURN

REM ## SUB: PRINT HEADING, PLOT BORDERS, AND LRBEL RAXES
PRINT "L_Area:";R$; " Site:";Us;" Date:";D$;" To file ";F1
N$="DEPTH IN METERS"”
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3388 B3=B2-B1

3290 B6=BS-B4

3400 B9=B8-B7

3440 C3=C2-C1

3420 MOVE Bi,C2

3430 RDRAW B2, @

3440 RDRAW @, -C2

3450 RDRAKW -B2. 0

3460 RDRAW 8, C3

347@ MOVE B4, C2 :

2480 RDRAW B6, @ )

3490 RDRAW @.-C3

3500 RDRAW -B6. 0

3518 RDRAW 8.C3 -

3520 MOVE B7.C2

3520 RDRAW BS. 0

3540 RDRAW B, -C3

3550 RDRAW -B9. @

3568 RDRAW 8, C3

2570 MOVE 8. S%(B1+B2)>-13%KS, C2+K6
358@ PRINT "-—— INT. DEN. IN swm/cc ——"
35586 MOVE 0. S%(B4+B3)-35 S5%KS, C2+Ké
3600 PRINT "REFL COEFF"

3610 MOVE 0. Sx=(B7+B8>-11%KS, C2+K6
3620 PRINT “IMP. x10T-S IN kes/mT2s"
3630 MOVE 0, 9. S%(C1+C2>+6. 5*KE

3640 FOR I=1 TO LENCNS)

3650 F$=SEG(NS$, I, 1)

3660 PRINT Fs

3670 NEXT 1

2680 MOVE O. S*(B1+B2)-8. S+KS, C1-2+K6
3698 PRINT "INT. VEL. IN m/ms*™

3700 MOVE B4+4#KS, Ci-K6 "

2710 IF Qi=2 THEN 3760

3720 PRINT “LRAT. =“;Ls; " LONG. ="; O$
3720 MOVE B4+4#KS, C1-2%K6

3742 PRINT Cs; ™ ELEVﬂ“ E1l; “m* -~
3750 RETURN

3760 PRINT "SAMPLE DARTA FROM FILE “;F© -
3778 MOVE B4+4»KS, C1-2%Ké .

3780 PRINT "COMPUTED DATA TO FILE “;F1
37958 RETURN

3800 REM == SUB: PLOT AND LABEL DEPTH TICKMARKS
3810 Ca=C3/¢20-29>

3820 His=MixCINT(ZS/M1O+1)>

3820 Gi=(H1-Z3>=C4

3840 MOVE Bi, C2

3850 RMOVE -5. 4, -0. 5%Ké6

3868 PRINT USING “3D*":Z9

2870 RMOVE 5. 4, Q. S*K6

2880 RMOVE ©, -G1

3899 GOsSuB 297 .
3988 FOR I=2 TO INT((Z@-29>/M1i>
2910 RMOVE 0O, -MixC4

3520 Hi=Hi+Mi

3928 IF Hi1>2@ THEN 396@

2948 GOSUB 397¢

2950 NEXT 1

3960 RETURN _

3970 REM #x SUB: TICKMARK PLOTTING
2980 RDRAW 0. 2,0

29990 RMOVE B2-0©. 4.0

. 4080 RDORAW ©. 2, 0 -
4910 RMOVE 2,0

4020 RDRAW ©. 2,0

4020 RMOVE BE€-0. 4.0
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" 4430 HisHi+M4

4049 RORAW 0. 2
49%0 RMOVE 2, 0
4960 RDRAW O. 2
4979 RMOVE BS-0. 4.0

4989 RDRAW ©.2,0 .

4050 RMOVE B1-B8-S. 4, -0. swxs

4100 PRINT USING "3D":H1

4110 RMOVE 5. 4, 8. 5#K6

4120 RETURN

4130 REM w» SUB: PLOT AND LABEL DENSITY TICKMARKS

4140 C4=B3/¢DO-D9)

4150 Hi=M2wC INTC(DI/M2>+1)

4160 Gim(H1-D9>*C4

447@ MOVE B1.C2 -

4180 RMOVE G1.8 -

4150 GOSUB 4210

4200 GO TO 4280

4218 REM »* SUB: TICKMARK PLOTTING ACROSS TOP OF PLOT
4220 RORAW @, -8. 2 .

4230 RDRAW 8, 0. 2 .

4240 RMOVE -1. 2%KS, 8 .

42%@ PRINT USING “D.D":H1

4260 RMOVE 1. 2%KS, @

427@ RETURN

4280 FOR I=1 TO INTCCD@-D9)>/M2>

4290 HimHi+M2

4200 IF Hi1=>D@ THEN 4340

4318 RMOVE M2%C4,

4220 GOSUB 4210 -
4330 NEXT I . ’

4342 RETURN )

4350 REM #= SUB: PLOT AND LﬁBEL REFL COEFF TICKMARRKS
4360 C4wB6/(RO-RS)

4370 Hi=Mém(INTCRS/M4>+1)

4380 Gi=(H1-R9Y=C4 A .

4290 MOVE B4,C1

4420 RMOVE G1.0

4410 GOSUB 4630

4420 FOR I=1 TO INTCC(R@~R9>/M4>

4440 IF Hi=>RO THEN 4480

4450 RMOVE M4wC4, @

4460 GOSUB 4630

4478 NEXT 1

4480 RETURN

4490 REM w»& SUB: PLOT AND LABEL INPEDRHCE TICKMARKS
4500 C4=BS/(AG-AS)>

4510 Hi=MS=CINTCRS/MIO>+LD

4529 Gi=(H1-A9)>»C4

4538 MOVE B7,C1

4542 RMOVE G1.0

4556 GOSUB 4630

4560 FOR I=1i TO INT((HO*GS)/MS)
4570 HiwH1i+MS

45808 IF Hi=>A0 THEN 46208

4550 RMOVE MS=C4. 0

4608 GOSUB 4620

4610 NEXT I

4620 RETURN

4630 REM =% SUB:. TICKMARK PLOTTING ACROSS TOP AND BOTTOM.
4640 RDRAW 8.0. 2

4650 RMOVE @,C3-0. 4

4660 RDRAW 0, 0. 2

4670 RMOVE -2. 2%KS, 0

4680 PRINT USING “2D. D™ :H1
4€90 RMOVE 2. 2%KS, -C2
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4700
4710
4720
4730
4740
47%@
4760
4770
4780
4790
4800
4810
4820
4830
4840
4850
4860
4870
4880
4890
49500
4910
4920
4930
49540
4950
4960
4979
4580
4990
5000
Se1e

Seze

Seze
5840
SesSe
Seece
Seve
Sese
Sese
Siee
Si1ie
S120
S130
S140
5158
5160
S170
5180
5190
S208
Szie
S22
52390
S240
sase
S260
Save
Sz28e
S290
Szee
S210
°z20
S23e
s34

RETURN : A
REM % SUB: PLOT AND LRBEL VELOCITY TICKMARKS
CenB3/(VO-VS)

Hi=M3%C INTCYS/M3>+1)>

Gl=(Hi-V9>#C4 °

MOVE B4, C1

RMOVE G1,©

GOSUB 4850 .

FOR Im=1 TO INTCCVO-99)/M3)

HisH1+M3

IF Hi=>V@-@. 81 THEN 4840 :

RMOVE M3#C4, @ 0

GOSUB 4850 : : )
NEXT I .

‘RETURN

REM # SUB: TICKMARK PLOTTING ACROSS BOTTOM OF PLOT
RORAW ©, 0. 2

RDRAMW @, ~0. 2

RMOVE -1. 2+K'S, ~K6

PRINT USING “D. D":H1

RMOVE 1. 2%K'S, K6

RETURN

REM #»# SUB: PLOT DENSITY VS. DEPTH
DELETE 28

NB=2xN7=1

WINDOW D9, D@, 29, 20

VIEWPORT B4, B2, C1.C2

Z27=20-27

MOVE DC1), 27

Z8=¢2¢1>~27)/N8

FOR K=1 TO N7

RDRAW ©, 28

RMOVE @, 28

NEXT K .

RMOVE O, -28

FOR J=2 TO N6

RDRAW DC(JI>~DC¢J-15,@
28=(2¢J>=2¢J-1)>/N8

FOR K=i TO N7

RORAW @, 28

RMOVE @, 28

NEXT K

RMOVE @, -28

NEXT J- N
RETURN

REM #= SUB: PLOT VELOCITY VS. DEPTH
WINDOW V9, ve, 29, 28

MOVE v<1),27

RDRAW @, 2¢1>~27

FOR J=2 TO N6

RDRAK VC(JI>=y(J=1), @

RORAW ©. 2¢J>=2¢J-1)

NEXT J

RETURN _
REM = SUB: PLOT REFLECTION COEFF VS DEPTH
WINDOW RS, RO, 29, 20

.VIEWPORT B4,8S5,C1.C2

MOVE @, 27

RDRAK ©,.2¢1>-27

FOR J=1 TO N6-1

RORAW RCJ>, @

RDRAW -RCJ), @ :
RORAW 0, 2¢J+1>-2¢J>

NEXT J

RETURN
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S350
5360
S37e
S280
Exs -]
S400
S410
S420

S44e
S450
5460
S478
S480
S490
5500
SS510
S5S2e
SS3e
SS4e
5SS
3560
SSPe
SSse
SS59%e
S680
S610
5620
S620
5640
S6350
S660
5670
5668
S€50
5700
S7ie
S720
S73e
5740
S75e
S7ee
S770
S7ee
S7o0e
S800
S810
5820
S830
S840
S85e
Sgee
Se78
S860
Sgse
5980
$91e
Soze
5928
S840
5950
3960
Sove
S980
S998
6800

REM o SUB PLOT RCOUSTIC IMPEDRNCE VS DEPTH

WINDOW R9, RO, 29, 20

VIEWPORT B7.88,C1.C2

MOVE RC41)>,27

RDRAW 0, 2¢1>-27

FOR J=2 10 N6

RDRAW R(JI-ACI=-1),0

RDRAKW 0, 2¢J>~2(J=-1)>

NEXT J

RETURN

REM »» SUB: STORE VRLUES ON HDT

PRINT "G.G.G___INSERT DATA TAPE TO STORE RESULTS IN 49524"
N9=1008+30%N6 ) ’

NO= INT(NS/256+1)>%256 '

PRINT "LENGTH OF FILE REQUIRED = "; NS

PRINT "DOES FILE HAVE SUFFICIENT LENGTH? (Y/N> “;

INPUT G$

IF Gs="¥" THEN 535@

PRINT “G.G.G__..INSERT DATA TRPE TO BE MARKED IN 4@851"
GOosuUB 5960 - .

FIND F1

MARK 1., N9

PRINT "G.G.G__._RETURN DATR TRPE TO 4924"

GOSUB S960

FIND O2:F2

WRITE 02: HS.US,Ds;LS,Dt.CS,E1,N6,R.v.Z

PRINT @2, 2:

REM »#= CHECK ON RERDABILITY OF STORED DATA

DELETE AS,US, DS, L8, 08, C$. EL, N6, R, V, 2

FIND 02:F1

RERD 02: a‘lu’JD’JL‘)D’oc‘)Elle

DIM RCNS), VN6, Z<N6)

READ P2:R, V. Z

:g{g;N'DﬁTﬁ STORED IN RND- RETR!EVRBLE FROM FILE ";F1

REM #= SUB: INPUT & CONDITION SAMPLE PROBLEM DARTA FROM MDT
PRINT "G.G.G..-INSERT DATA TﬂPE IN 4924 FILE NUMBER = *;
INPUT FO : . -
DELETE Ni,N6,AR1.01,D.R1, T, T2, T2, V1.2 24 _

DIM H$(S1), S$C16)

FIND 02:F0

RERD O@2:HS$, S8, N1, N6

omm ﬁi(Ni);Di(Ni)oD(NG):R:(Ni);T(Ni);Tl(Ni);T2(NG>,V1(N1)
DIM 2CN1)>, 28C(N1>

RERD @2: Ri.Di,D.RiaT‘Ti,Tz,v1,Z,
DELETE D,R, T, T2, TR

Ne=N1

27=0 ’

As=“SAMPLE PROBLEM DATR" .
PRINT “Samele Prob no. (2 char.nox) -
INPUT US -

Us="PROB “&US

PRINT *“Date computed <12 char.max> = “;
INPUT DS

N4=9Q

NS=Q

Ls=“LATITUDE"
Os="LONGITUDE"

Cs=*C0. & STRATE"

Ei=Q

RETURN .
REM % SUB: RERDY TO PROCEED
PRINT "__RRE YOU READY TO PROCEED? <(¥Y/N> *;
INPUT GS

IF G$="N" THEN 5970

RETURN
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ie0
110

i3e
140
13%e
. 168
170
180
190

210

230
240
25e

270
280
250
300
" 310
320
330
‘340 R
350
360
37e
380
350
400
410
420
430
440
450
460
470
ase
498 N
S0
510
s2e
520
540
550
560
=70
Se0
590
600
61e
620
630
640
ese
660
670
680
690
700
710
720
730
740

LISTING OF PROGRAM TO DEVELOP TIME/DEPTH
SECTION AND REFLECTIVITY SERIES

;:§T-L_oevsLop TIME-DEPTH (T/D> SECTION AND REFLECTIVITY SERIES (RS>
DATA 1,10, 58. 60, 8. 82, 130, 18,52, 8. 1. 61, 2. 86, 8, 1

READ B0, B1, B2. B4, BS, B7, B8, C1, C2, F1., KS, K6, M1, Q1

DIM R$C22), C$C25), DSC14>, GSC1), L$C12), 0$<13), USC14), R$CS>
R$="REFLECTIVITY SERIES WITHOUT MULTIPLES" ' .
PRINT "._G.G.G.INSERT Z & RC DATA TAPE IN 4924 FILE NUMBER = *;
INPUT FO o

FIND @2:F@" A -

‘READ @2:A$, US. DS, Ls, 08, C$, EL. N6

DIM RCNED, RSCNED, TLCNED, T2(NED, YINE), VACNE), Y2(NE)D, Z(N6), Zi(NS)

READ @2:R. V.2

PRI *“..DO YOU WANT TO STORE- RESIJLTS ON R T/D & RS DRTA THPE"' YD
INPUT Gs

IF G$="N" THEN 270

PRINT * FILE NUMBER = *;

VINPUT FL

GOSUB 790
GOSUB 580
GOSUB 1210 _
GOSUB 1120 '
PRINT *__DO YOU WANT TO INCLUDE TWO-BOUNCE MULTIPLES? CY/N> *;
INPUT G$ :

IF G$="N" THEN 420 '

R$="REFLECTIVITY SERIES WITH MULTIPLES"
PRINT “LOMER LIMIT OF REFL COEFF TO BE USED IN % OF TOTAL RANGE = *;
INPUT E2
GOSUB 1330 '
GOSUB 4570
GOSUB 4740
GOSUB 5050
GO TO 450
DIM ROCNED, TSCNED
R9=RS
To=T2
PRINT "__DO YOU WANT PLOT OF VEL, T-D, AND REFL SERIES? (Y/N> *;
INPUT G$ -

IF G$="N" THEN 750 .
DIM F$<2>, N$C21)

N$=*REFLECTION TIME IN MS*
GOSUB 1770
GOSUB 1910
GOSUB 2240
GOSUB 2700
GOSUB -3039
GOSUB 2300
GOSUB 3460
T2=D3+D2-T2
GOSUR 3610
GOSUB 3730
GOSUB 3810
T9=D3+D2-T9
GOSUB 3990

GOSUB 4118

WINDOW ©.130, 0, 100

VIEWPORT @, 130, . 100

MOVE @,

PRINT

PRINT "L.DO YOU WANT TO REPLOT? C(¥Y/N> ™;
INPUT Gs

IF G$="N" THEN 7S@

T2=D3+D2-T2

T9=D2+D2-T9

TS=D3+D2-T5S

GO TO 510
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750
768
770
780
750
800
‘810
820
830
840
850
868
87re
8680
8se
See
910
o520
930
540
950
560
. 970
5680
950

IF Fi=@ THEN 770

GosuB 4200

PRINT “G.G.G.PROGRHM COMPLETED"

END

REM =+ SUB: COMPUTE AVG AND RMS VELOCITIES AT INTERFACES
21C1)HmZC4)

FOR J=2 TO N6

21<JIH>nZ(J>=2¢J-1>

TL<T>=ZACId/VYCID

NEXT'J :
Ti(l)-Zi(l)/V(i) . N
P3=0

T3=0

23=0

FOR J=1 TO N6

T3sT1CJI>+T3

T2¢JI>=m2%T3

23m21C¢J>+23 .

ViC(JI>=Z3/T3

P3my( IOy (IdaTLCI>+P3

V2(J)-SQR(P3/T2)

NEXT J

RETURN . '

REM s SUB: COMPUTE TWO-WAY T/D FUNCTION IN METER INCREMENTS
DIM TS(Z(NS));ZS(Z(NS))

1000 L=0

1010
1020
ie3e
1040
1050
1660
1070
1000
1ese

T4=0

FOR J=1 TO N6

FOR K=1 TO Z1¢J>

LeL+t » :
ZScLo=L

T4=1/V(I>+T4 .

TSC(L)=T4 g

NEXT K :

NEXT J

1100 TS=2#T3
1110 RETURN

1120

REM = SUB: COMPUTE AND APPLY SPHERICAL DIVERGENCE FRCTOR

1139 DIM SCN&>

1140 S=1 ’ . . ¢
1159 IF Qi=2 THEN 1200 :

1168 FOR J=1 TO N6

1170 SC(J>=@. S/2¢J)

1180
1198
1200
12180
1220
1230
1240
1250

RSC(I>=SC(IIRICI>

NEXT J

RETURN

REM =% SUB: DEVELDP REFLECTIVITV SERIES WITH TRANSMISSION LOSSES
DIM RECNE> -

Ré=1

R3=1

RSC(LO=RC(1) .

1260 FOR J=2 TO N6
1278 R2=1-R(J-1>*R<(J-1)

128e

R6CJ~1>=R2

1250 R3I=R2%R3
1200 RSC(JI>=R3I=RC(I>

1310 NEXT J
1220
1330
1340
1350
1360
1370
1380

’

RETURN

REM »» SUB: DEVELOP REFLECTIVITY SERIES WITH TWO-BOUNCE MULTIPLES
DIM ROCN6E>

RO=0

R8=1

RACLO=RCL)

FOR J=2 TO N6-1

1290 RS=R8*REC(J~-1)
1400 ROCJIY=mR(JII>*RS
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1410 NEXT J
1420 R$="REFLECTIVITY SERIES INCLUDES TWO-BOUNCE MULTIPLES"

1430 REM »= DETERMINE NUMBER (M1> OF MULTIPLE REFLECTION

1440 Mi=@

1450 FOR M=1i TO N6-2

1460 Mi=MLi+(NG-1-M>*M

1478 NEXT M : :

1480 PRINT *TOTAL NUMBER OF POSSIBLE TWO-BOUNCE MULTIPLES = ", M1
1492 Mi=INTC(MEMORY-18)/3%)> ' ~

1508 PRINT "AVAILABLE MEMORY ALLOWS ONLY FIRST *;Mi; * MULTIPLES"
1518 DIM RLC(MLD, TECMLD, 26<M1) : -
1520 Ji=0 '

1532 FOR Jw=i TO N6-2 ‘

1540 Li=1 . .

1S58 KimJ+1

1560 K2=Ki-1

1570 FOR K=Ki TO N6-1

1580 K2=K2+1

1590 JimJi+d

1600 IF JisMi+i THEN 1750

1610 TE6<J1>=T2CK1>~-T2CL1>+T2¢K2>

1620 Z6<J1>=2w(2(KL>~2CL1>+2¢K2>)

1630 Ré=i

1640 IF KisL1+1 THEN 1680

1650 FOR L=Li+i TO Ki-1

1660 R4=R6CL>#R4 .
1670 NEXT L
1680 R1(J1>=-R(K1>#R(L1>*R4*RO(K2>/26¢I1)
1698 NEXT K

1700 Li=Li+1

‘1718 KisKi+1

4720 IF Ki=msNEé THEN 1740

17386 GO TO 1560

4740 NEXT J-

1?7%0 DELETE 26

1760 RETURN .

1778 REM #»x SUB: PLOT TIME-DEPTH, VELOCITES, AND REFL SERIES RS F(T>
41780 CALL "MIN", V2,V3, 11 ’

1790 CRLL "MAX", ¥2, V4, I2

41800 CALL "MIN®, v, VS, I1

1810 CALL *"MAX", V4, V6, 12

41820 CALL "MIN®".RS.C?7,I1

1838 CALL "MAX",RS.,CS8, I2

1848 CALL "MIN", V. V7,11

1830 CALL "MAX*, V. ve, 12

1868 V3=V3I MIN VS

41870 v?=Y3 MIN V?

1880 v4mV4 MAX V6

1890 V8=vV4 MAX V8

1908 RETURN

1910 REM =% SUB: ENTER PLOT LIMITS .

4920 PRINT *"L_ENTER PLOT-LIMIT VALUES" -
1930 PRINT "__Reflection tTime To ToP of laver 1 = “;
1940 INPUT D1 . . .
19%8 PRINT "__.Primary reflections ranse from ", T2¢1>; " to "; T2<(NE~-1>
1968 PRINT "Min. reflection Time oOn Plot = *;

1870 INPUT D2

1988 PRINT "Max. reflection time on pPlot = ";

4956 INPUT D3

2008 PRINT "Refl. time Tickmark interval = *;

2010 INPUT D4 .
2020 PRINT "__Velocities ranse from ";Vv7;" to ";V8

2038 PRINT * Min. velocity on plot = %;
- 2048 INPUT V9
2050 PRINT " Max. velocity on Plot = “;
2060 INPUT VO .
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2079
2080

2100
2110
2120
2130
2140
2150
21680
2170
2180
2190

2200-

2210
2220
2230
2240
2250
2268
2270
2280
2290
23e8
2318
2320
2338
2340
2350
2360
2370
2368
23298
2400
2410
2420
2430
2448
24%0
2460
2470
2480
2490
2580

2510

2320
2530
2340
2350
2368
23570
2380
2596
2600
2610
2620
2630
2640
2650
2660
2670
260
2650
2700
2710

2728

PRINT " Velocity Tickmark interval = ;

INPUT M2

PRINT "._Ref'l coeff’s ranse from “;C7;" to ";(C8

PRINT * Min. refl coeff on Plot = =;

INPUT C9 )

PRINT * Max. refl coeff on Plot = “;

INPUT C0

PRINT “"Refl coeff tickmark interval = *;

INPUT M3

PRINT ‘"__.DePths ranse from @ to “; Z(N6>

PRINT *» Min. defth on Plot = ";

INPUT DS

PRINT * Max. dePth on Plot = *;

INPUT DO

PRINT * DePth tickmark interval = “;

INPUT M4 :

RETURN . . :

REM #»» SUB: PRINT HERDING. PLOT BORDERS. RAND LABEL RXES
PRINT "L_Area: "“;As;" Hole: "“;Us;*“ Date loessed: ";D$

RESTORE 227

DRTAR 1.10,58,60,83,82.130,13,92;1.81,2 86
RERD BO. B1. B2, B4. BS. B7, B8, C1, C2, KS. K6
DIM F$C(2)>, N$(21)>

Ns=s"REFLECTION TIME IN MS*
B83=p2-B1

86=B%5-B4

89=B8-87

C3=C2-Ca

MOVE B1,C2

RDRAW B3; @

RDRAW 8, -C3

RORAW -B3, 0

RDRAW 0,C3

MOVE 84,C2

RDRAW B6, @

RDRAW @, -C3

RDRRW -B6, ©

RDRAW ©,C3

MOVE B?7,C2

RDRAW BS. @

RDRQN 0. -C3

RDRAW ~BS. 0

RORAW 0,C3

MOVE ©. 5*(81*82)-18*K3.62¢K6
PRINT “VELOCITIES IN KM/SEC"
MOVE 0. Sx(B4+BS)~-S SwKS, C2+K6
PRINT “REFL COEFF”"

MOVE ©. S»<B7+B8)-7. 5%KS, C2+KE
PRINT “DEPTH IN METERS*®

MOVE ©, 8. S%<C1+C2)+10%KE

FOR I=1 TO LENCNS>
F$=SEGI(NS, 1, 1>

PRINT Fs

NEXT 1

MOVE 0. S%(B1+B2)>-13%KS, C1-1%K6E
PRINT “AVG. VEL ++++ RHS VEL »xxxx*
MOVE ©, C1-2%Ké

PRINT "DRTE FROM FILE: ”;Fe.' RESULTS TO FILE:";F1
MOVE B4+4%KS, C1-K§

PRINT "LAT. =";L$; " LONG. ="; 0§
MOVE B4+4%KS, C1~2%K6 ’
PRINT Cs;* ELEV=“;EL; “M*

RETURN
REM #»% SUB: PLOT AND LABEL REFLECTION TIME TICKMARKS
C4a=C2/(D23-D2)

H1=Dax  INT DZ/D4>+1>
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2730
2748

2750

2760
2770
2780
2750
‘2800
2810
2820
- 2830
2840
2850
2860
2870
2880
2850
2500
2910
2920
2930
2940
2950
2960
2578
2980
2950
3000
3010
2020
3030
3040
3050
3060
3078 H
3080
3090
2100
2110
3120
3130
3140
3150
3160
2170
3180
3150
3200
3210
3220
3220
3240
2250
3260
3279
3280
3250
3300
3210
3220
3330
3240
2350
3260
3270
3280

Gism(H1~D2)>*C4q

MOVE B1, C2

RMOVE —4#KS, —0. S#KE

PRINT USING “4D":D2

RMOVE 4#KS, 8. S#Ké .

RMOVE ©, ~G1 \

Gosue 2678 -

FOR I=1 TO INTCCD3-D2>/04>

RMOVE ©, ~DaxC4

HisHi+D4

IF "H1>D3 THEN 2860

GOSUB 2870

NEXT 1

RETURN

REM =+ SUB: TICKMARK PLOTTING

RDRAN . 2,08 -

RMOVE B3-0. 4,0

RDRAW ©. 2, @

RMOVE 2.0 '

RORAW ©. 2,0

RMOVE B6-0. 4,0

RORAW ©. 2,8

RMOVE 2,0

RORAW ©. 2, @

RMOVE BS-0. 4, @

RDRAW ©. 2, ©

RMOVE B1-BE-4+KS, -B. S#Ké

PRINT USING “4D":H1 -

RMOVE 4%KS, 0. SwK6 .

RETURN

REM #% SUB: PLOT AND LABEL VELOCITY TICKMARKS

Js="D. D"

Jis1 2

Ca=B3/CVR-VS> .
HimM2% ¢ INTCVS/M25+1)

GL=CH1-V9>#C4

MOVE B, C2

RMOVE G1,0

‘GOsuB 3130

GO TO 32302 )

REM ww SUB: TICKMARK PLOTTING RCROSS TOP AND BOTTOM
RDRAW @,-0. 2

RMOVE ©.-C3+0. 4
RDRAW 0. -8. 2

RMOVE ©.C2

IF Hi=0 THEN 3220

RMOVE -Ji=KS, @

PRINT USING J$:H1

RMOVE J1i#KS, @

RETURN

FOR I=1 TO INT(CKVE=-V9)/M2>
Hi=H1+M2

IF Hi=>V@ THEN 3290

RMOVE M2%C4, ©

Gosue 3126

NEXT 1

RETURN -
REM =% SUB: PLOT AND LABEL REFL COEFF TICKMARKS
Js="2D. 3D*

Ji=2 2 .

C4=B6/(CO-C9)>

(H1=M3w(INTC(CO/M3DO+1)

Gi=(H1-CO>*C4

MOVE B4, C2 .
RMOVE Gi1.0

GosuB 2i2e
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3390
3400
3410
3420
3430
3440
3450
3468
3470
3480
3450
3500
33518
3520
3530
3540
355
3568

3580
3598
3600
3610
2620
3630
3640
3630
36€0
3670
3680
3696
3700
3710

. 3720

3730
3740
3750
3760
3770
3780

- 3750

3800

3810

2820

3830

3840

2850

3860

3870

3880

2850

3500

2910

3520

2930

3940

39%0

2960

3970

3980

2990

4900

4010

4020

4030

4040

FOR I=1 TO INTCCCO-CS>/ M3
H1=H1+M3

IF HA>CO THEN 3450

RMOVE M3+C4, @

GOSUB 3130 -

NEXT 1

RETURN

REM «* SUB: PLOT AND LABEL DEPTH TICKMARKS
‘-ﬂgo“

C4=89/<DR-D9)>

Hi=ManC INTCDS/M4)>+1)

G1=CHL-D9O>*C4

MOVE B7.C2

RMOVE G1, @ .

GOSUB 3130 :

FOR I=1 TO INTCCD@-D9)>/M4).

HimH1+M4 .

IF H1=>D@ THEN 2600

RMOVE M4*C4, @

GOSUB 3130

NEXT I

RETURN

REM =+ SUB: PLOT INTERVAL VELOCITY VS. ‘REFLECTION TIME

WINDOW V8, Ve, D2, D2

VIEWPORT B1,B2,C1,C2

K7=Ba»(Y3-v9)> /B3

KS=BOw(D3-D2>/C3

MOVE V(4),D3-D1

RORAW @, T2¢1>-D3+D1

FOR J=2 TO N6 r

RORAW YCJI>=¥(J-15,8 °

RORAW @, T2¢J>~T2¢J=1)> .

NEXT J

RETURN . :

REM #% SUB: PLOT nvsnnee VELOCITY VS. REFLECTION TIME

MOVE Vi<a), T2¢1) - °

GOSUB 4410

FOR J=2 TO N6

DRAW ¥4¢JI), T2¢J) , .

GOSUB 4418

NEXT J

RETURN -

REM » SUB: PLOT RMS VELOCITY VS. REFLECTION TIME

MOVE VY2(1), T2¢1)>

GOSUB 4490

FOR J=2 TO N6

DRAW Y2¢J3, T2¢J)

GOSUB 4490

NEXT J

RETURN

REM =% SUB: PLOT REFLECTION COEFF vS REFLECTION TIME

WINDOW C9.C@, D2, D3

VIEWPORT B4, BS, C1,C2

MOVE @, D3-D1 .

IF M1=0 THEN 4039

DRRW @, T9C1)

RORAW R9C1), @

RORAW ~R9C1),0 3

FOR J=2 TO N1 :

RORAW 8, T9CJI>-T9CJI-1> .
RORAW R9CJID, @ .

RDRAW -R9CJ>, @

NEXT J

RETURN

DRAW ©, T2¢1)

FOR Je=i TO N6-1
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4050
4860
4870
4080
4050
4100
4110
4120
4130
4140
4150
4168
4170
4180
4150
4200
4210
4220
4230
4240
4250
- 4260
4270
4280
4290
4300
4310

4320

4330
4340
4350
4360
43708
4380
423950
4400
4410

4420°

4430
4440
4450
4460
4470
4480
4450
4500
4510
4520
4530
4%40
4550
4560
4578
4580
4550
4600
4610
4620
4630
4640
465@
4660
4670
4680
4€50
4700

RDRAW RS<JI>, 0

RDRAW =RS(J>, 8

RORAKW B, T2(J+1D-T2¢JI>

DELETE R7. T?

NEXT J

RETURN

REM #% SUB: PLOT DEPTH VS. REFLECTION TIME
WINDOW DS, D@, D2, D3

VIEWPORT 87,88, C1,C2

MOVE O, D23 -

TS=D3I+D2-TS -

FOR J=1 TO 2<(N&>

DRAW Z5<¢J>, TS(J> ~-

NEXT J

RETURN

REM =% SUB: STORE RESULTS ON MDT

PRINT “G_G_G___INSERT T/D & RS DRTA TAPE IN 4924“
GOsue 5180

TO=D3I+D2-T9

IF Mi=0 THEN 4286

N7=N3y

GOSuUB Sz23e

GO TO 43008

N7=NE

GOSuUB S23e i ..

FIND 02:F1

WRITE @2:R$.US, DS, LS, 03; C$,E1,N7. RS, RS, T9
PRINT @2, 2:

REM w% CHECK ON READABILITY OF STORED DATA
DELETE RS. US.Ds.L$, 0%, CS$. E1, N7, RS, RS, T9
FIND @2:F1

RERD @2:R%, Us, DS. LS, 08, Cs, E1, N7

DIM RI(N?), TOCN?>

REARD @2:R$. RS, TS .
PRINT “DATA STORED IN AND RETRIEVED FROM FILE "; F
RETURN . :

REM #= SUB: CROSS SYMBOL

RDRAW -08. S»K?, &

RDRAW K7, 0 .

RDRAW -8. S»K?7, @

‘RDRAW ©, -0. S*K8

RDRAW @, K8

RDRAW O, —-8. S»K8
RETURN

REM %% SUB: X SYMBOL
RDRAW =B. S»K?, 0. S*K8
RDRAW K?, -K8

RDRAW =-B. 3%K?7, 8. 5%K8 .
RDRAW =@. S*K7, -8. SwK8
RORAW K7, K8

RDRAK -B. S%K?, -0. S#K8
RETURN

REM #x SUB: COMBINE PRIMARRY AND MULTIPLE REFLECTIVITY SERIES
N7=N6+M1-1 .

DIM RPCN?), TP(N?D

FOR N=1 TO N6-1
T7C{NO>=T2C(ND
R7(N>=RS(ND

NEXT N )

DELETE RS

L=0

FOR N=N& TO Mi+Né6-1
L=_+1

T?(N>=TECL?
R7(N>=RLC(L)

NEXT N
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471@ Ni=N-2
4729 DELETE T6.R1

4738 RETURN

4748 REM »» SUB: ELIMINRTE REFLECTION COEFFICIENTS < E2% OF RANGE
4750 DIM R1CNL>, R2(N1> . .
4760 R1=0 .

4770 AR2=0

4780 E2=0. P1+E2 - S
4799 CALL “MIN",R7.M7. 17

4800 CALL “MAX“,R7.Me. I8

4810 ns-nescsz~<ne—n?>>

4820 L=@

4838 FOR J=1 TO N1

4840 IF ABSC(R7(J>>GMS THEN 4880

4850 L=L+1

4868 AL(LISR?CJ) .
4878 A2¢L)I=T?¢(T) : ' .
4880 NEXT J .

4892 PRINT "__TOTAL NUMBER OF PRIMARY + MULTIPLE REFLECTIONS = *:L
4900 PRINT “__DO YOU WANT TO RESELECT LOWER anxr ON MULTIPLES? CY/N)> *;
4918 INPUT G .

4920 IF Gs=“"N" THEN 4960

49308 PR1 "LOWER LIMIT OF REFL COEFF TO BE USED IN % OF TOTAL RANGE = *;
4948 INPUT E2

49%@ GO TO 4768

4960 Ni=L

4570 DELETE R?.T?

4988 DIM R7CNLD, TPCNL)

4990 FOR J=1 TO N1

SQ00 R?C(JI=ALCT)

5918 T?CJIO=ARCT>

S@20 NEXT J

5@30 DELETE Al A2

5248 RETURN

S25@ REM ## ORDER REFLECTIV!TV SERIES IN VALUES OF INCREASING TIME
8860 DIM ROCNL), THCNLD

S@70 CALL "MAX", T7, M3, 13

5088 J1=M3+19

5098 L=0

5180 FOR J=1 TO Ni

5110 Lal+1

5420 CALL "MIN®, T?, M2, 12

5430 TOL)=T7C(1I2>

$140 ROCLI®R7CI)

5159 TPCI2>=Ja

5160 NEXT J

®178 RETURN -

5180 REM »% SUB: RERDY TO PROCEED?

5198 PRINT “__ARE YOU READY TO PROCEED? C(Y/N> *;

5288 INPUT G$ .

210 IF G$="N" THEN %5190

5220 RETURN

%238 REM == SUB: ESTABLISH DATA FILE

5240 NO=128+20%N7

250 N9=INT(NS/256+1)%»2%6 :

5268 PRINT * LENGTH OF FILE REQUIRED = ", N9

=270 PRINT * DOES SELECTED FILE HRAVE SUFFICIENT LENGTH? (Y/N> *;
5288 INPUT GS

%290 IF G$="y" THEN %360

$208 PRINT "G_G_G__.INSERT T/D & RS DARTA TAPE TO BE MARKED IN 40%1"
$318 GOSUB 5180

5320 FIND Fi

5328 MARK 1, N9

%248 PRINT “G_G_G__.RETURN T/D & RS DARTR TAPE TO 4924"

5350 GOSUB 5180

5360 RETURN
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iee
110

130
140
150
i6e
ive
180

2ie

230
240
250
260
27e
280

300
310
320
33e
. 349
3358
368
370
380
350

419
420
430
440
458

470
480
450

510
520
530
540
S50
560
s7e
s80
550
600
610
620
€30
€40
630
660
670
680
€30
700

710
720
730

LISTING OF PROGRAM TO GENERATE AND STORE
FOURIER COEFFICIENTS OF WAVELETS

PRINT “L_GENERATE AND STORE FOURIER COEFFICIENTS OF WAVELET"
INIT :

PRINT “__DESIRED MAXIMUM RABSOLUTE AMPLITUDE OF WAVELET = *;
INPUT M4

DIM G$<C1), M8(S), N$C(10)> c -
PRINT *__THE FOLLOWING WAVELET TYPES ARE AVARILABLE:"

PRINT * 1. Cosine modulqted sine, zero pPhase arProximation®:
PRINT “, 2.5 cycles* . o

PRINT * 2. DampPed cos mod. sine. minimum Phase arProximation®;
PRINT ®*, 2 cwcles”

PRINT * 3. Directly observed-—extracted from seismosram®’
PRINT * 4 Arbitrary -- values entered from kcsbocrd‘
PRINT * 8. Ricker “"“far distant™" wavelet*

PRINT “__NUMBER OF SELECTED WRVELET TYPE = *;

INPUT NS

GO TO NS OF 260,288.300,323 3408

GOSUB 470

GO TO 3Se

GosSuB €10

GO TO 30

GOsSuUB 640

GO To 3%e

GOSUR 1480

GO To 3%e

GOSUB- 1630

REM #»= SCALE TO SELECTED MRX ABS AMPL OF WAVELET

GOsSuUB 3190

REM w» PLOT WAVELET

GOsSuUB 2580

REM wx COMPUTE FIRST N2 FOURXER COEFFICIENTS

GOSUB 1800

REM »== FOURIER SYNTHESIZE AND PLOT SYNTHESIZED WAVELET
GOosSuUB 21€0

REM #»x STORE FOURIER COEFFICIENTS ON WAVELET DATA TAPE C(WDT)
GOSuUB 288©

PRINT “__.G_G_G.PROGRAM COMPLETED"

END : ’

REM % SUB: GENERATE WAVELET USING A COSINE-MODULATED SINE WAVE
T$="WAVELET USING A COSINE-MODULATED SINE WAVE"

Ni=21

DIM YCNL> :

a3=1 . :

N4=2 S :

Ki=2wP1/¢N1~1>

FOR K=1 TO N1

VIKO>=8. 5*(1~COS(K1*(K-1)))

K2mN4wK1

VIKImY KIS INCK2(K~1) >

NEXT K :

N2=7

RETURN  °

REM % SUB: GENERATE WAVELET USING R DAMPED COS-MODULRTED SINE
T$="WAVELET USING R DAMPED COS-MODULATED SINE"

Nima1 -

@3=2 ) .

DIM VCNL>

N3=Ni-1 . -

Nam2 : ,

PRINT * DECREMENT IN PERCENT = *;

INPUT N6

IF N6C>108 THEN 720

N6=1. @E-3

NS=LOG(N6/108> o

‘PRINT » LOG DECREMENT = *; NS
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740
7350
760
70
780
790

- 810
820
830

850

879
880
890
500
510
520
930

950
9€0
970
s8e
990

1000
1010
1020
1039
1040
1050

Ki=2wP I NG /N3
R1=ND*NG /NS
V(1>=0
FOR J=1 TO N1
KE=J-1
K3=EXP (A1*KE >
V(I >mKIRSINCKInKEd # (1L ~COS(KL/N4wKE) >
NEXT J
N2=¢{N1~-1)>/2
RETURN
REM == SUB: OBSERVED HHVELET FROM SEISMOGRAM
T$="0OBSERVED WAVELET"
Q3=3
PRINT 'G.G-G...INSERT OBSERVED-DATR MDT IN 4524
INPUT M$
GOSUB 332¢
PRINT " NO. OF CYCLES IN WARVELEY = »;
INPUT N4 .
PRINT RECORD NUMBER ON MDT = *;
INPUT R3
Ri=12+R3~10 : i
PRINT * TRACE NUMBER = *;
INPUT R2
FO=R1+R2-1 ‘ ,
REM == FIND, RETRIEVE. AND DECODE HERDER FILE
DIM H$C10), 18$(3>, LSC4) .
FIND @2:R1
RERAD 02:M$
1$=SEG(HS, 4, 1)
L$=SEGC(HS, S5-2>
Si=VALCIS)
L=VAL(L$>»10

18606 GO TO Si OF 19?3;1390;111011130a115°41170
1067@ Si=0. 83

1080 GO TO 1180

1098 Si=0. 1

1100

GO TO 1180

1110 S1=0.2

112¢
1130
1140
113e

GO TO 1188 ’ .
S1=08. 5 .

GO TO 118€

Si=1

1160 GO TO 1180

1178
ii8e@
11950
1200

Sis2 e

PRINT * TIME AT START OF WRVELET = *;
INPUT T9

PRINT * TIME AT END OF WAVELET = “;

1210 INPUT TO
1220 Ti=Te~-T9
1238 J1=3xINTC(C(TS=L>/S1d>+1

1240
12%0
1260 -
1270 REM #% FIND, RETRIEVE, CONVERT AND SCALE DATR -

1280

Ni=INT(T1/S1+1)
J3=3wNL .
DIM D$(3005)>, VINL)

FIND 02:.F©

1250 1F Fo=Ri1 THEN 1320

1300

RERD @2:D%

1318 GO TO 1330
1228 READ 02:Ms$, DS

1330

D$=SEG(DS, J1, J32

1340 V=0 °

1250 CALL “"HEXDEC",D$, Y, LEN(DS$>.3

1260 DELETE Ds

1370 v=V-511 ) *
280 REM =% DETREND WAVELET

4290 Cis<VCNL>=VC(LO>/C(N1-L1>
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1400 FOR K=2 TO N1

14310 VYC(K>aV(KI=CiwmcK-1>
1420 NEXT K

1430 VYsv-¥(1) .

1440 N2=C(N1-1>/2

1458 IF N2<{=20 THEN 14?9

© 1468 N2=20

1478 RETURN -
1480 REM = SUB: GENERATE WAVELET USING ARBITRARY VALUES FROM KEYBOARD
1498 T$="WAVELET USING ARBITRARY VALUES®

1502 Q3=4 : . )
1518 PRINT * NO. OF VALUES IN WRAVELET = “;

1520 INPUT N1 _

. 1538 DIM VCNL> ! .

1540 PRINT * NO. OF CYCLES IN WAVELET = *;

1558 INPUT N4 .

1560 PRINT "INDEX VALUE"

1570 FOR J=i TO N1 ,

1588 PRINT * *; J;* “

1590 INPUT v¢J>

1600 NEXT J

1610 N2=(N1-1>/2 , _

1620 RETURN :

1630 REM %% SUB: GENERRTE “FAR DISTANT* RICKER WAVELET

1640 T4#="RICKER "“FAR DISTANT"" WAVELET" -

1650 Ni=d1

1668 DIM VCNL> . - :

1670 Na=1 S . . :

1680 Q3=S

1698 P3=@. @S+PI

1700 P2=@. Sw(N1+1) :

1748 FOR J=1 TO N1

1720 PauPIacI-P2>aP3acI-P2)

1720 IF P4>9. 8 THEN 1750

L1740 YCJI>=(1-24P4>*EXPC-P4>

1750 NEXT J

1768 Vv(1>=0

1778 V(NL>=Q

1780 N2=20

1790 RETURN

1800 REM =% SUB: GENERATE FIRST N2 FOURIER COEFFICIENTS

1810 N3=N1-1

1820 Qi=PI/N3

4830 DIM BCN2), CCN3>

'1840 B=0

1850 C=0

1860 FOR K=1 TO N2 .
1870 FOR I=2 TO N3 -
1888 CCI>=ACI>*SINCAL#K#CI=13) .
1898 NEXT I

1900 BCK>=SUMCCO#2/N3

1918 NEXT K

1920 DELETE A.C

1930 PRINT “__FOURIER COEFFICIENTS FOR "; T$
1940 PRINT "__HARMONIC  FOURIER COEFFICIENT"
1950 IMAGE 2X. 3D, 18X, 4D. 6D .
1960 FOR K=1 TO N2

1579 PRINT USING 19%0:K, BCKD

1980 NEXT K -

1990 REM %= SUB: PLOT LINE SPECTRA -

2000 WINDOW ©, N2, M4, M4

2010 VIEWPORT @, 120, 6, 40

2020 MOVE o, @

2030 PRINT "LINE SPECTRA*

2040 VIEWPORT 295,120, 6, 40

2050 MOVE 0.0
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2060 FOR J=1 TO N2

2079 RMOVE 1. 0@

2088 RODRAKW 0. BCJD

2050 RDRAW @, -B(J)

2100 NEXT J

2110 RORAW -N2. 0@

2120 WINDOW ©, 130, 0, 188

2130 VIEWPORT 9, 130, @, 100

2140 MOVE 0,6

2450 RETURN

2160 REM =+ SUB: FOURIER SYNTHESIS OF FIRST N2 MARMONICS
2170 PRINT *"DO YOU WANT TO SEE FOURIER SYNTHESIZED WAVELET? <Y/N> *;
2180 INPUT Gs

2158 IF Gs="N" THEN 2570 N

2200 DELETE S . - .
2210 DIM 2¢N2)

2220 Z2=ABS¢B)>

2230 CALL "MAX", 2, 21,22

2240 DELETE 2

2250 MS=1. OE-3%21

2268 Qi=PI/N3

2270 DIM SCN2, N1)>

2280 S=@

2290 B2=ABS(B(1>>

23080 IF B2<MS THEN 23%@ -

2310 REM =% COMPUTE CONTRIBUTION OF FuuoansNTaL

2320 FOR K=2 TO Ni

2330 S<1. K)®BC1IRSINCQLnCK~1))

2342 NEXT K

2358 REM #% COMPUTE CONTRIBUTION OF HARMONICS

2360 FOR J=2 TO N2

2370 B2=ABSCBCJIY)

2388 FOR K=2 TO Ni

2398 IF B2<MS THEN 2420

2408 SCJ, KISBCIISINCQI*Iw(K=1))
- 2428 GO TO 2428 A

2420 SCJ. K>=Q

2420 s<:,x>-s<J-1,K>os<:,K> #
2440 NEXT K :

2450 NEXT J

24€0 DELETE A

2472 DIM ACNL) .

24688 FOR K=1 TO N1 .

2490 ACKI®SIN, KD '

2500 NEXT K

2510 REM =% PLOT FOURIER SYNTHESIZED WAVELET .

2520 PRINT “L_FOURIER SYNTHESIS OF *; Ts

2538 IF Q33 THEN 2560 :
2%4@ PRI “FROM MDT:"; M$; ", REC#:*;R3; ", TRACE#:*;R2;“, FROM T=";T9; % *;
2550 PRINT “to "; T@

2568 GOSUB 2760

2570 RETURN

2580 REM #* SUB: QUICK PLOT OF WAVELET

2%58 PRINT "__DD YOU WANT QUICK PLOT OF INPUT WAVELET? CY/N> *;
2608 INPUT GS$

2618 IF Gs="N" THEN 2870

2620 IMRGE S4X. “K_.LOG DEC. =*, 20. 2D

2630 PRINT “L_*; TS

2640 GO TO Q2 OF 2630, 2680, 2720, 2760

26%0 PRINT *NO. OF VALUES="; N1, NO. OF CYCLES="; N4;* MAX. *;
2660 PRINT * ABS. AMPL=";M4 .

2670 GO TO 2780

2680 PRINT “NO. OF VALUES="; Ni;* NO. OF CYCLES=";N4; " MAX. RBS. *;
2698 PRINT = AMPL="; M4

2708 PRINT USING 2620:NS

2710 GO TO 2780

~
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2720 PRI "FROM MDT:“;Ms$; ", REC#:";R2; ", TRACE#:";R2; ", FROM Tm";T9; " *;
2730 PRINT “to “; TO ’
2742 PRINT "NO. OF VALUES=";Ni; % MAX. RABS. AMPL=";M4;* *;
2750 GO TO 2788
2760 PRINT *NO. OF VALUES=";N1;*  NO. OF CYCLES="; N4; * MAX. *;
2770 PRINT * RBS. AMPL="; M4
2780 WINDOW 1, N1, -Mé, M4 :
2798 VIEWPORT 10,120, 6, 66 . -
2600 MOVE O, @
2810 RDRAW N1, 8
2820 CALL “DISP".A
2830 WINDOW @130, e, 180
2840 YIEWPORT 0,130, 0, 100
2858 MOVE 0,0
2860 PRINT
2870 RETURN
2880 REM »= SUB: STORE FOURIER COEFFICIENTS ON. WAVELET DRTR TAPE C(WDT>
2890 PRINT "DO YOU WANT TO STORE FOURIER COEFF. ON WDT? C¥/N> *;
2%0e INPUT G$
2910 IF GS="N* THEN 3180
292@ PRINT “CODE NAME OF WDT = *;
2938 INPUT N$
2548 PRINT *FILE NO.=%; .
29%@ INPUT F@ L
2968 NE=50+10%N2 ‘
2978 N6=INT(N6/256+1)>%256
2980 PRINT *LENGTH OF FILE REQUIRED = *; N6
2990 PRINT “DOES SELECTED FILE HAVE SUFFICIENT LENGTH? CY/N> *;
300@ INPUT G$
3010 IF Gs="Y* THEN 3080 R
3820 PRINT “G_G.G. INSERT WDT TO BE MARKED IN 4@51"
3030 GOSUB 3320 » .

© 3040 FIND F@

2058 MARK 1, N6

3060 PRINT - "G_.G.G. RETURN NDT TO 4924*

3070 GOSUB 3320

2080 FIND @2:F@ -

3090 WRITE @2:N2, T$.B

32180 PRINT @02, 2:

314@ REM ** CHECK ON REHDRBILITV OF DATA STORED ON MDT
3120 DELETE N2.T$.B

3130 FIND @2:F@

2140 READ 02:N2

21%@ DIM T$<S@>., B(N2)

316@ RERD 02:Ts$.B . :

3170 PRINT “DATR ARE STORED IN FILE “;FO; " OF WDT: “;N§
3188 RETURN .
2190 REM »+ SUB: SCALE TO RBSOLUTE naxrnun VALUE
3200 DELETE R

3210 .DIM ACNLD

3220 A=y

3230 DELETE ¥

2248 CRLL "MIN',A. M1, I1

32%@ CALL "MRX", R, M2, I2

2268 M1=ABS(ML>

3270 M2=ABSC(M2)

3220 M3=M1 MRX M2

3292 s2=Ma/M3

3308 A=S2+A

3210 RETURN

32320 REM #»% SUB: READY TO PROCEED?

2330 PRINT “ARE YOU RERDY TO PROCEED? (Y/N> *;
2248 INPUT G$ '

33%@ IF G$="N" THEN 3330

2260 RETURN
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LISTING OF PROGRAM TO COMPUTE AND DISPLAY SYNTHETIC SEISMOGRAM

100
110
120
120
140
- 150
160
170
180
150
200
219
220
230
240
250
260
27e
280
250
300
310
320
22

340
250
360
370
380
3%
400
410
420
430
440
450
460
470
480
490
see
510
520
530
540
ss0
560
£70
520
550
600
610
620
630
640
ése
660
670
680
690
700
710
720
720
740

PRINT *L_COMPUTE AND DISPLAY SYNTHETIC SEISMOGRAM"

INIT

Qi=y1

a2=1

DIM ASC22), C$(25), D$(14), F$C4), GSC1), LEC42), MSC29>

DIM 08<C123), P$CEB). Q<28 , RE¥(5B), S$(41), US<14), WS(SB>
Ss="SYNTHETIC SEISMOGRAM DRTA”

REM == OPTION TO READ PREVIOUSLY COMPUTED SYN SEIS DATA
GOSuUB Seo

REM »x= READ REFLECTIVITY SERIES DHTR FROM T/D-RS DRATA TAPE

-

GOSUB 600

REM w« READ WAVELET DATA FROM WDT

GOSUB 770

IF G2=1 THEN 260

GOSUB 1740

GO TO S20

REM w# SYNTHESIZE WAVELET

GOSUB 1050 , 4

REM #+ PLOT WAVELET

GOSUB 1740

REM #% STORE WAVELET

GOSUB 1450 _

REM =+ ENTER STRRT AND END TIMES OF RECORD
GOSUB 195%@

REM #% COMPUTE FIXED GRIN SYNTHETIC SEISMOGRAM
GOSUB 2020 ,
REM #% STORE FIXED GAIN SYNTHETIC SEISMOGRAM
GOSUB 2218

REM #+ SELECT TYPE AND COMPUTE GRIN FUNCTION
GOSUB 2270 _

REM *+ DISPLAY SYNTHETIC SEISMOGRAM

GOSUB 2410

GOSUB 2540

GOSUB 2220

REM %% REPLOT svwrusrzc SE I SMOGRAM

GOsue 3342

REM #% STORE ADJUSTED GAIN SYNTHETIC SEISMOGRAM
GOSUB 3400

PRINT “G.G.G.-..PROGRAM COMPLETED"

END

REM #»# SUB: READ PREVIOUSLY COMPUTED SYN SEIS DATA

PRINT “__DO YOU WANT TO USE PREVIOUSLY CDMPUTED SYNTHETICS? CY/N> "
INPUT Gs

IF Gs="N" THEN S50

Q1=2

PRINT "G_G_G.INSERT SYN SEIS DATA TAPE IN 4524 FILE NO. = *;
INPUT F2

GOsSUB Z710 .

GO TO 380

RETURN

REM #% SUB: REARD REFLECTIVITY SERIES DARTA FROM T/D-RS DRTA TAPE
PRINT "__G.G_G_INSERT T/D-RS DRTA TRPE IN 4924 FILE NO. = *;
INPUT FO

FIND @2:F0O

READ @2:AS,Us, D$. LS. 08, CS,. EL1, N1, RS

DIM RC(N1)>, T(NL)

RERD 02:R, T

PRINT “_.DO YOU WANT TO SEE REFLECTIVITV SERIES DATA? (Y/N> *;
INPUT Gs$

IF Gs="N" THEN 760 .

PRINT "o DATA READ FROM T~D~RS DATA TAPE.."

PRINT RS, US,D$. L%, 08,CS$,E1, N1, Rs

PRINT “..REFLECTIVITY SERIES:*"

PRINT R

PRINT "PEFLECTION TIME TO BRSE OF LAYER:"
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S0
760
7re
’8e

790

gee
816
82e
830
840

PRINT T
RETURN
REM =#% SUB: RERD WAVELET DATA FROM WDT

PRINT “__G.G.G-INSERT WRVELET DARTA TAPE (WDT> IN 4924"

PRINT "__DO YOU WANT TO SYNTHESIZE WRAVELET? (Y/N> *;
INPUT Gs

IF Gs="¥“ THEN S00@

Q=2 '

PRINT *__YOU HAVE ELECTED TO USE ESTABLISHED WRVELET
INPUT F1

85@ FIND 02:F1
860 READ @2:N2.L4.uUs, S1

87ve
8808
8950
Se9
Sie
928
938
S48
950

DIM Wi<N2D

REARD @2:W1

RETURN - :

PRINT " NO. OF FILE CONTARINING FOURIER COEFF. = “;

INPUT F1 p

FIND Q2:F1 ’

RERD @Z:N3; Ws$

DIM BCN3D

RERD @2:B

968 PRINT * TYPE OF WAVELET = “;

978 PRINT “NO. OF COEFFICIENTS = "; N3
i

Ws

988 PRINT " LENGTH OF WAVELET = *;

9se

1000
1010
1020
1030
1040
105e
1060
ieve
10680
1050
1100
1110
1120
113
1140
11%5e
1160
ii7e
1180
1198
1200
1z21e
1220
123e
1248

1256

1260
1270
1280
1299
1300
1210
1220
320
1240
1350
1369
1370
1380
1220

INPUT L2

PRINT "WAVELET SAMPLE INT. = *;

INPUT S1 .

N2=INTCL1/S1+1)

PRINT * POINTS IN WRVELET = “; N2

RETURN

REM = SUB: FOURIER SYNTHES!S OF FIRST N2 HARMONICS
CALL "MAX",B. M3, I3

MS=0. 21+M3

NésN2-1

Q1=PI/N4 .

DIM SCNZ, N2>

S=2

B2=ABSC(B(1>>

IF B2<MS THEN 1i8@

REM »+ COMPUTE CONTRIBUTION OF FUNDARMENTAL
FOR K=2 TO N2

5¢1, KO=BCLY®SINCRLwC(K~15)

NEXT K

REM »» COMPUTE CONTRIBUTION OF HARMONICS -
FOR J=2 TO N3

B2=ABS(B(J>>

FOR K=2 TO N2

IF B2<MS THEN 12%5@

SCJ, KO=BCII)RSINCQL*Tw(K=13>

GO TO 1260

S<(J, K>=0

S¢J, KOm5(J=1, KX+5¢J, KD

NEXT K

NEXT J .
DELETE W2

DIM WidN2>

FOR K=1 TO N2

WACKO>=S (N2, KD

NEXT K

DELETE S

RETURN

REM #% SUB: ENTER START AND END TIMES OF RECORD
PRINT “_.. NUMBER OF REFLECTIONS = “;Ni :
PRINT “START TIME OF SYNTHETIC = *; :

INPUT TO
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1400
1410
1420
1438
1440
1430
1460
1470
1480
1450
15@a
1510
- 1520
1530
1540
1550
1560
1570
1S5g0
13590
1600
iéie
1620
1620
1640
1659
1660
1679
1680
1650
i700
1710
1720
i730
1740
1750
i7éa
1770
1780
1790
1200
1810
1820
i8ce
1840
i3%a
1860
1879
i1g8s8@
i8%@
1900
19190
1520
1930
1240
19350
1260
1970
1980
1990
2000
2010
2020
P ot
=040

T7=TO

PRINT " END TIME OF SYNTHETIC = *;

INPUT TS
NS=(T9-T7>/S1+1
RETURN

REM w» SUB: STORE WAVELET
PRINT "__DO YOU WANT TO STORE WAYELET ON WDT? (V/N) ";

INPUT Gs
IF G$="N" THEN 1750

PRINT "G.G_G-INSERT WDT IN 4924

INPUT F3
L2=350+10+N2
L2=INT(L2/256+41)>%256

’

FILE NO.

PRINT "LENGTH OF FILE REQWIRED = “;L2 .
PRINT “IS FILE LENGTH SUFFICIENT? (Y/N> ",

INPUT Gs
IF Gs="¥" THEN 1630

PRINT “G.G-G.INSERT WDT IN 4@31"

GOSUB 3490
FIND F2
MARK 1,L2

PRINT “G-G-G-RETURN WDT TO 49524

GOSUB 2490

FIND @2:F2

WRITE G2:N2,L4, WS, S1, W1
PRINT 02. 2:

REM w»% VERIFY TAPE WRITE
DELETE N2, L1, Ws$, 51, W1
FIND @2:F23 .
READ @2:N2

DIM WiCN2>

READ @2:L1, WS, S1, W1

="

PRINT “DATA ARE STORED AND RETRIEVRBLE FROM FILE ";F3

RETURN
REM #»% SUB: PLOT WAVELET

PRINT "..DO YOU NHNT TO SEE PLOT OF WAVELET? (Y/N> *;

INPUT Gs$
IF G$="N" THEN 2039

‘REM #»= PLOT OF WAVELET

PRINT "L.";L41;* MSEC “;us; " NITH S. 1I.=";51
“;N2; " DRTA POINTS"

PRINT "WAVELET CONTRINS
CALL "MIN", Wi, M1, I3
CALL "MAX", Wi, M2, 14

IMAGE"AMPLITUDE OF WAVELET RRHGES FROM “,

PRINT USING 1830:Mi, M2
WINDOW 1, N2, M1, M2
VIEWPORT 35, 129, 3@. 85
MOVE @, 0

RDRAK N2, 0@

CALL "DISP", W1
WINDOW ©. 138,90, 100
VIEWPORT @, 130,80, 100
MOVE ©.@

PRINT

RETURN

p.20." YO . 3D 2D

REM #% SUB: ENTER STRRT AND END TIMES OF RECORD

PRINT "START TIME OF SYNTHETIC = *“;

INPUT TO
T?=T0

PRINT " END TIME OF SYNTHETIC = *;

INPUT T9
NS=(TS-T?7>/S1+1
RETURN

REM % SUB: COMPUTE FIKED GRIN SYNTHETIC SEISMOGRAM

DIM I1¢N1), SINSH
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2856
2060
2870
2080
2090
2100
2110
2120
2130
2140
215e
2160
2170
218@
2190
2200
2210
s‘ZB
2230
2249
2250
2260
2270
2280
=290
«30ee
2210
2320
2230
2340
2250
2260
2370
2289
2298
2400
2410
2420
2420
2440
2450
2460
2479
2480
2450
2560
2310
<520
«Sse
2540
<558
2560
=57e
2580
2599
260e
2618
2620
2620
2640
265@
2660
SETO
2680
2€S0

S=0

FOR J=1 TO N1

IF T<JIXT? THEN 2180

I1{I>=(TCI>=T7o/51+1

NEXT J

FOR J=1 TO N1

FOR K=1 TO N2

LeIdidId=1+K

IF LOT9/S1+1 THEN 2170 ) . -
SCLOImRCI L CKI+SCL)

NEXT K .

NEXT J

RETURN

PRINT "G.G.G._..ERROR: START TIME GREARTER THAN REFLECTION TIME TO BRSE"r
PRINT " OF FIRST LAYER" , y
GO TO 260 ) N gt
REM %% SUB: STORE FIXED GAIN SYN SEIS

PRINT “_.DO YOU WANT TO STORE FIXED GRIN SYN.SEIS ON SSDT? <(¥/N> “;
INPUT Gs .

IF Gs="N" THEN 2260

Gosue 2526

RETURN .

REM % SUB: SELECT GRIN FUNCTION

PRINT "__THREE DISPLAY OPTIONS ARE RVAILABLE:"

PRINT 1. FIXED GRIN OVER ENTIRE RECORD, “

"PRINT " 2. SELECTED GRIN WITHIN SEGMENTS. AND"

PRINT 3. PROGRAMED GRIN CONTROL (PGC>. "
PRINT “__NUMBER OF DISPLAY OPTION CHOSEN = *;
INPUT 01 ,

GO TO 01 OF 2236, 2370. 2250

GOSUB 3820

GO TO -2400

GOsSuUB 2860

GO TO 2400

GOsSUB 4270

RETURN

REM % SUB: RANGES OF SYNTHETIC

PRINT "__SYNTHETIC STARTS AT ", Tr; " AND ENDS AT "; TS9; * MSEC"

CALL "MIN®,S, M1, 12

CALL "MAX",S. M2, I4

PRINT “AMPLITUDES RANGE FROM "“; M1, TO “; M2
PRINT “SAMPLE INTERVAL FOR SYNTHETIC: ";S51;* MSEC”
NE=(T9~-T7>/51+1

PRINT “TOTAL NUMBER OF VALUES IN SYNTHETIC: “;N&
PRINT “L_MINIMUM AMPLITUDE ON PLOT = *;

INPUT M1

PRINT "MAXIMUM AMPLITUDE ON PLOT = *;

INPUT M2

RETURN

REM »% SUB: DRAW BORDER AND PLOT. TICKMARKS
WINDOW ©, 129, 0. 100

VIEWPORT 0,120, 0, 100

mMs=“PLOT AMPLITUDES RANGE FROM *

Qs=" BETWEEN ORDINAL TICKMARKS"

MOVE @. 395
PRINT "L_SYNTHETIC SEISMOGRAM~-";Rs$
PRINT * “iL1, " MSEC “;W$; " WITH S. I.=";,81

IF Qz=2 THEN 2660

PRINT "REFL SERIES FROM FILE “;F@; " AND WAVELET’S "

PRINT “FOURIER COMPONENTS FROM FILE “;F1

GO TO Z6é¢c8

PRINT "REFLECTIVITY SEPIES FROM FILE “:iF@; " AND WAVELET’S “;
PRINT “YALUES FROM FILE ", F2

PRINT “AMPLITUDE MODE: “;Ps$

IMAGE 27TA. 2D. 20, " TO ", 20. 2D. 2€6R
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2700 PRINT USING 2690:MS$, M1, M2, QS
2710 RESTORE 2720 :

2720 DATA 1,5, 125, 10, 80

2730 READ B0, C@. C1, D@, D1

2740 C2=C1-CO

2759 C3=C2/50

2760 D2=D1-D@

2770 D3=0. S*D2

2780 MOVE CO.D1i T
2750 RDRAW C2, 0@

2800 'RORAK @, -D2

2810 RDRAW -C2.©

2820 RDRAW 8, D2

2830 REM #+ ORDINAL TICKMARKS
2840 Dama

2850 MOVE €@, D1-D4

2860 RDRAW 1,0

2872 RMOVE C2-2.0

288¢ RDRAW 1.0

2890 MOVE C@, De+D4

2502 RDRAW 1,0

2910 RMOVE C2-2.0

2520 RDRAW 1,0

293@ MOVE Ce.D1 -

2548 GOSUB 2960

29%e GO TO 30980

2560 REM *= SUB: TICKMARKS AND TIME LINES
2570 FOR J=1 TO 10

2980 FOR K=1i TO 4

2990 RMOVE C3, @

3000 RDRAW @, -B@

3010 RORAW @, BO

2820 NEXT K

2020 RMOYE C3, @

304¢ RORAW @, -D3

3050 RORAW ©, D3

3060 NEXT J , .
2070 RETURN

3080 MOVE Ce.De.

3050 D3=-D3 .

3100 Be=-BO

3110 GOSUB 2960

2120 REM »= LABEL TIME LINES
3130 IMAGE 3D

3140 B4=(T9-T?)>/10

31%@ MOVE CO-4. 1,Di+1

3162 PRINT USING 313@:T7

3170 FOR K=1 TO 10

2180 RMOVE C2/10, @

3190 PRINT USING 3130:T7+K»B4
3200 NEXT K

3210 RETURN

3220 REM w+ SUB: PLOT SYNTHETIC ‘SEISMOGRAM
2230 WINDOW 1, N6,Mi, M2

3240 VIEWPORT C@,C1i,0D@+D4, D1-D4.
3250 MOVE @, 0

3260 RDRAW N6, ©

3270 MOVE @, 0 : : :
32680 CALL "DISP"., S

2290 WINDOW @, 120, ©. 188

33e@ VIEWPORT @.4130, @, 100

3210 MOVE .0

2220 PRINT

3220 RETURN -

224Q REM *% SUE: FEPLOT SYNTHETIC SEIS WITH DIFFERENT SCALE
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3358
3360
337e
2380
33%0
3400
3410
3420
3430
3440

- 2450

3460
3470
3480
3490
2500
3510
3520
3538
3548
3550
3560
35ve
3580
3590
3600
3610
36
3630
3640
3630
3660
3670
3686
3620
37ee
3rie
3720
=72e
3748
3750
3TE0
3rve
3780
3790
3800
2810
3820
3830
5840
38350
2860
3870
3888
>890
3909
2910 P
2920
3930
3940
2956
3960
28ve
2980
za9e

PRINT “DO YOU WANT TO REPLOT WITH DIFFERENT SCARLET (Y/N> "
INPUT GS
IF Gs=“N" THEN 335@
GO TO 400
RETURN
REM »% SUB: STORE ADJUSTED-GAIN SYN SEIS
PRINT "_.DO YOU WANT TO STORE GRIN-RDJUSTED SYNTHETIC? (¥v/N> “;
INPUT GS
IF Gss“N" THEN 3460
Ss="GARIN ADJUSTED “&S$
GOosSuUB 3538
RETURN
REM =% SUB: RERDY TO PROCEED
MOVE' @, €
PRINT “ARE vOU READY TO PROCEED? (Y/N> “;
INPUT GS
IF Gs="N" THEN 3450
RETURN
REM #% SUB: STORE SYNTHETIC ON TRPE .
PRINT “G.G_G_INSERT SSDT IN 4524 FILE NO. = ¥;
INPUT F2
L2-299410m<N2*N5#L1>
L2=INTCL2/256+1)%2%6
PRINT "LENGTH OF FILE REQUIRED = "; L2
PRINT *1S FILE LENGTH SUFFICIENT? (¥Y/N> “;
INPUT GS o
IF Gs="Y" THEN 3458

20 PRINT “G_G.G.INSERT SSDT IN 4851*"

GOSUB 2458

FIND F2

MARK 1, L2 ’ .

PRINT “G.G-G.RETURN SSDT TQ 49524"

GOSUB 3498

FIND @2:F2

WRITE @2: N2aN5.RS,SS;NS;FG;FlaLi,Q $1,76. TS, WL, S
PRINT @2, 2:

REM =»»= VERIFY TAPE WRITE

DELETE N2, NS, RS, S8, W$. F@, F1, L1, 02, S1. 78, T9, W1. S

DIM R$(S0>, S$(41), Ws(SAB>

FIND @2:F2 -

RERD @2:N2, NS

DIM SINS), Wi(N2> :

READ @2:.R$,S$, WS, FB, F1,L1,02,51,T0, TS, W1, S

T7=TQ ’

IF Qi=2 THEN 2818

PRINT "DRTAR ARE STORED AND RETRIEVABLE FROM FILE ";F2

RETURN

REM =% SUB: DISPLAY U¢ING FIAED GRIN OVER ENTIRE RECORD
P$="FIXED GAIN OVER ENTIRE RECORD"

T7=T@

RETURN

REM »% SUB: DISPLAY USIMNG SEGMENTED GRINS

DELETE, T1. T2 .

PRINT "__NUMBER OF SEGMENTS = ";

INPUT N? .

DIN FS$C3>, GLINSD, JACNT?D, J2CNT), J2CN?I, TA(N? ), T2C(N?>

$="SEGMENTED GRIN IN"

F$=STR(N? >

P$=P$&Fs

P¢=Pg8" SEGMENTS"

Gi=8

Ji=8

J2=0

J2=0

Ti=2
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4000 TZ=0 . ‘

40410 PRINT “SEGMENT START TIME END TIME START GRIN END GARIN"
4220 FOR J=i TO N?

4020 PRINT ¢ "I »;

49402 INPUT T1<J)>,

4050 PRINT "K. ";

48602 INPUT T2¢>

48702 J1CJI>=C(TicI)-T@>/S1+1 ) -
4080 J2(J>=(T2<(J>-TO>/S1+1

4090 J3(J)=J2(JI>=JAC(I>

4100 PRINT "K.o B
4118 INPUT G1(J1¢J)> .

4120 PRINT “K. . M
4138 INPUT G1<J2¢JI>>

4140 62-‘51(32(3))'Gl(Jl(J)))/JB(J)

4158 FOR K=1 TO J3(J>
13460 GL1JIACII*KI®GIZeK+GL(IACTII)>
) 4170 NEXT K

4180 NEXT J
4150 L=0 .
4200 FOR J=J1C(1)> TO J2C(N?>
4210 Ls=s_+1 N
4220 S(LO>=GL(I>*S(TD
4220 NEXT J .
4240 T7=TicLD
4250 TO9=T2IN?>
4268 RETURN
4270 REM #»» SUB: DISPLﬂV USING PGC
42806 DELETE Wi-
4298 DIM B$(4), WLINS)
4200 Wi=0
4310 PRINT ".. START TIME = *; -
4320 INPUT T8 . s
4330 J8=(T8-T7)/S1+1
4340 PRINT "__HALF GRIN TIME = *;
432%5@ INPUT T2
4260 B$=sSTRCTS)
4379 T3=(T3-TB8>/S1
4280 K5=L0GC(2>/T3
4226 FOR J=J8 TO NS
4400 N=KS»(J-J8)>
4410 Nl(J).l‘EXP(‘N)
44208 NEXT J
4430 PRINT " - FINAL GRIN = “iHi(Nﬁ)
4440 P““PROGRRNED GAIN CONTROL <PGC> WITH HALF GAIN AT T ="
44358 Ps=Ps&BS
4460 PRINT *__DO YOU WANT TO PLOT PGC GﬁIN FUNCTIUN’ CY/N> ™
4479 INPUT GS$ . .
4420 IF Gs="N" THEN 4640 .
44920 PRINT L. PGC FUNCTION FROM T‘":T " TO “;: TS " WITH FINRL GARAIN":
4T@2 PRINT " = "; WAi<NS)
4510 PRINT Ps$
4520 MOVE S, 80
4520 RDRAW 12?;9
4540 RDRAW 90, ~70
4558 RDRAW -120.8©
4%€0 RDRAW ©, 70
4570 WINDOW 1, NS, 8,1
4528 VIEWPORT 5, 125,10, 80
4598 CALL "DISP™, Wi
4600 REM =% APPLY GRIN FUNCTION
4€106 FOR J=1 TO NS
4620 SCIO>=UL(T>*S(I)
4620 NEKXKT J
4640 RETURN
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ie0
iie
120
130
140
i15e
160
i7e
180
150
208
2189
220
230
240
«Se
260
27e
280
25e
2e0
210
320
228
340
2se
36e
37e
380
3se
490
410

1430
440
456
460
470
480
490
See
S10
S2e
S3e
540
SSe
Seeo
S7e
See

SS0 T2

€89
610
620
630
640
6350
€60
eve
680
€90
Jee
710
ra

728
740
-1

LISTING OF PROGRAM TO COMPUTE AND APPLY
AGC FUNCTION TO SYNTHETIC SEISMOGRAM

PRINT “L_APPLY AGC TO SYNTHETIC SEISMOGRAM"

INIT

DIM R$C22>, BSOS, C$C25>, DEC14), F$C4), G$C1D, L$C12>, M$<29)

DIM 08$¢12), PS$(68), R$(28), RECSDD, SS(41), USC14), WSSO
S$=“SYNTHETIC SEISMOGRAM DATA"

REM #» READ PREYIOUSLY COMPUTED SYN SEIS DATA -
GOSUB 258 :

REM % COMPUTE AND APPLY AGC GRIN FUNCTION

GOSUB 350

REM %+ DISPLAY SYNTHETIC SEISMOGRAM

GOSUB 1990

GOSUB 2120

GOSUB 2800

REM #+ REPLOT SYNTHETIC SEISMOGRAM

GOSUB 2920

REM wx STORE SYNTHETIC SEISMOGRAM WITH AGC APPLIED

GOSUB 2980

PRINT “G.G.G.._PROGRAM COMPLETED"

END

REM # SUB: READ PREVIOUSLY COMPUTED SYN SEIS DATR

Q1=2 : :
PRINT "G.G.G_INSERT SYN SEIS DATA TAPE IN 4924  FILE NO. = *;
INPUT F2 :

GOSUB 32%@ '

RETURN

REM =« SUB: COMPUTE AND RPPLY AGC GAIN FUNCTION

PRINT "_.NOTE: GRINS EXTERIOR TO AGC INTERVAL ARE CONSTANTS WITH®
PRINT *START GRIN = FIRST AGC GAIN AND END GRIN = LAST AGC GAIN"
Ps="ADAPTIVE GAIN CONTROL (RGC> FROM"

REM »= SET WINDOW PARAMETERS

JSe(T9-TB>/S1+1

PRINT "__ RAGC START TIME = *;

INPUT Ta .

Jis(T1-T@>/S4+4

PRINT “ WINDOW LAG TIME = “; .

INPUT W2 .

IF T1-W2=>T@ THEN 490 o ,

PRINT “G_G_G_ERROR: AGC START TIME TOO SMALL FOR SELECTED LAG TIME"
GO TO 410 ' .
PRINT “WINDOW LEAD TIME
INPUT W3

Wasl2+W2 7

PRINT *  WINDOW LENGTH = “; W4

NS=W4/Si+l ) .
PRINT "  VALUES/WINDOW = “; N8

PRINT " WINDOW INTERVAL = “;

INPUT WS

WE=WS/S1 : . - .
NZ=INTCCTI=TL) WS) .
= T1+WS* (N7-1) ) :

IF T2<sT9 THEN 628

NPsN7-1

T2=T1+US*(N7-1)

PRINT * NO. OF WINDOWS = “;N7

PRINT *  AGC END TIME = ;T2

F$=STR(T1)>

P$=P$&F$

Ps=P$&" TO"

F$=STR(T2) .

PS=P$&Fs

J2m(T2-TO>/S1+1

N2=CT2-T1>/51+1

PRINT “NO. OF AGC VALUES = “;N2

REM #+ COMPUTE RME AMPLITUDES FOR EACH WINDOW

DIM RLCNTY, JSCNT 3, KINED. YONG)

J2C1rmIL-U2,’E1 \

“;
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760 FOR J=2 TO N7

770 J3CIO=IICI-1>+W6

780 NEXT J

790 FOR J=1 TO N7

800 L=J3C(J>-1

810 FOR K=i TO N8

820 LaL+1

828 X(K>=S(L)>

848 NEXT K

850 Y1&SUMCX)

860 Y2=Y1/N8

870 Ymx-v2

888 vsy12

850 Y2=SUMCY)>

902 ALCJ>=SAR(YI>

910 NEXT J

920 DELETE L, X, ¥

920 N3=N?-1

940 REM #+ DETREND FUNCTION
950 G2=A1(N?>-AL(1> T
960 G1=G2/N3

970 G2=A1(1)

980 DIM WIN?>

950 v=0

1000 FOR J=2 TO N2

1010 G2=G2+G1

1020 V(J>=A1(J>-G2

1038 NEXT J

1042 REM ** CRERTE AND APPEND ODD-FUNCTION
1058 P1e(N2-N7>/(NP-1)
1060 P2=P1+1 .
1970 P3=PI/N3

1080 N8=2¥N?-1

1098 N9=2+N32

1100 DIM LCNS)

1110 FOR I=i TO N7

1120 LCI>aV(I>

1130 NEXT I

1140 K=@

1150 FOR I=N2 TO 1 STEP -1
1168 KeK+1 _

1170 LCI+N?>==V(K)>

1180 NEXT 1

. 4199 DELETE V

1200 REM #% GENERATE (SIN X>/X COEFFICIENTS
1210 DELETE C

1220 DIM CCNS., P1>

1238 FOR J=1i TO N9

1240 FOR K=1 TO P31 -
1250 P=K/P2 :

1260 M4=J-N7+1

270 MaPlIx(P-M4> .

~80 C(J,K)tSIN(M>/(N9*THN(M/N°)>
1290 NEXT K

1500 NEXT J
1210 REM =+ COMPUTE INTERFOLATED FUNCTION
1220 Ne=sN2®(P1+1)+1

=30 DIM VIN4), VA(N2-1>

1240 v=9

1250 Km=i

12€0 FOR J=1 TO N2

1270 FOR P=1 TO P21

1280 K=aK+1

1290 FOP M=1i TO N2-1

1400 Ki=p-J+1+N2

141Q@ KIm~M=J+1+N2
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1420 IF -M=-J=>-<NZ-1> THEN 1448

1430 K2=K2+2+N3

1440 IF K2<=NS THEN 1460

1450 K2=K2-N9 -

1460 VACMY =L (1#MOR(CKL, PI=CCK2, P2)

1478 NEXT M

1480 V(KI=SUMCYL)

1498 NEXT P

1500 .K=K+1

1510 VC(K>=LC¢J+1)

1520 NEXT J

1530 DELETE L

41548 REM w« RESTORE TREND TG INTERPOLATED FUNCTION
1550 DELETE Wi S
1560 Gd=-G3/C(N4-1) . -
1570 GS=-~G4

1588 DIM WLC(N4D

1590 FOR Ke=i TO N4

1600 GS5=GS+Gs

16108 W1CK>=Y(K>-GS

1628 NEXT K

1630 Wi=R1(1>+W1

164@ DELETE ¥ \
1650 REM #» COMPUTE AGC GRIN FUNCTION
1660 Wi=-Wi

1670 M2=-li(1)+1

1680 WisM3+W1

1650 CALL "MAX", Wi, M2, 12

1709 Wiski/M2

1710 CALL "MIN“, Wi, M1, I1

1728 PRINT *._DD YOU WANT TO PLOT AGC GAIN FUNCTION? (Y/N> *;
1720 INPUT GS

1740 IF G$="N" THEN 1890

17%0 PRINT “L_NORMALIZED AGC GRIN FUNCTION FROM T=";T1;“ TO *; T2
1760 PRINT "NO. OF VALUES=";N4; " MIN VALUE="; M1

1770 MOVE 5,80 -

1788 RDRAK 120, ©

179@ RDRAW ©, =70

1500 RDRAW -120, @

1810 RDRAW ©, 70

1820 VIEWPORT S, 125, 10, 80

1830 WINDOW 1,Né, M1, 1

1849 CALL “DISP“, Wi

1850 WINDOW ©, 120, 0, 100

1860 VIEWPORT ©, 120, O, 100

1870 MOVE 0,0

1880 PRINT

1890 REM »» APPLY AGC- FUNCTION

1980 FOR J=i TO Ji-1

1910 SCII=WLCLI%S(IY

1920 NEXT J .

1920 M=0

1940 FOR J=Ji TO J2

1950 M=M+1

1960 SCI>=WLMO%S(T)

197@ NEXT J

1380 RETURN

1990 REM »» SUB: RANGES OF SYNTHETIC

2000 PRINT “__SYNTHETIC STARTS AT “; T7. " AND ENDS AT “; TS; * MSEC"
2010 CALL “MIN®,S,mi, I3

2020 CALL "MAX“,S, M2, 14

2020 PRINT "ﬁNPLITUDES RANGE FROM “;Mi; % TO " M2

2040 PRINT "SAMPLE INTERVAL FOR SYNTHETIC: “i S, " —

2058 NE=(T9-TT) . ’S1+1

2060 PRINT “TOTAL NUMBER OF VALUES IN SYNTHETIC: “;NE

2070 PRINT "MINIMLM AMPLITUDE ON PLOT = »:
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2080
2090
2100
2110
2120
2130
2140
<150
2160
2170
2120

T 2208

2218
2220
2230
«240
2250
2260
2278
2280
2250
2300
2310
2320
2228
2340
22%e
2360
2370
2380
2358
2480
2418
2420
2430
2440
2458
‘2460
2470
2480
2499
aSee
23510
2528
2530
2548
2530
2560

2570

2580
2590
2600
2618
2620
2629
2640
«650
26€8
2670
2680
2690
2700
. 2710
2720

~——
Py

INPUT M1
PRINT "MAXIMUM RﬂPLlTUDE ON PLOT = *;
INPUT M2

‘RETURN

REM #+ SUB: DRAW BORDER RAND PLOT TICKMARKS
WINDOW ©, 130, @, 100

VIEWPORT @, 130, @, 100

M$="PLOT AMPLITUDES RANGE FROM *
Qs=* BETWEEN ORDINAL TICKMARKS"

MOVE ©. 95

PRINT “L.SYNTHETIC SEISMOGRAM--";RS$
PRINT *  “;L1;“ MSEC “;W$; " WITH S. 1. =";S1 )
IF G2=2 THEN 2248

PRINT "REFL SERIES FROM FILE *;F@; " AND WAVELET’S *; .
PRINT “FOURIER COMPONENTS FROM FILE *;Fi
GO TO 2170

PRINT "REFLECTIVITY SERIES FROM FILE *;F@;* AND WAVELET'S *;
PRINT "VALUES FROM FILE “;F1

PRINT "AMPLITUDE MODE: “;Ps$

IMAGE 27R, 3D. 2D, * TO ", 3D. 2D, 26R
PRINT USING 2270:M$, M1, M2, Qs

RESTORE 2300

DATA 1.5, 125, 10, 80

RERD B, C@, C1, DO, D1

C2=C1-Co

C3=C2/%0

D2=D1-D0 -

D3=8. S«b2

MOVE Ce. D1

RORAW C2, @

RDRAKW @, -D2

RORAW -C2, @

RDRAW @, D2

REM #% ORDINAL TICKMARKS

Da=a

MOVE C@, D1-D4 \
RDRAW 1,0 - ;
RMOVE C2-2, @

RDRAW 1.8

MOVE C®, De+D4

RDRAW 1, @ :

RMOVE C2-2. 8 .

RORAW 1, 8 ‘

MOVE Co, D1

GOSUB 2540

GO TO 2668

REM ## SUB: TICKMARKS AND TIME LINES
FOR J=1 TO 10

FOR K=1 TO 4

RMOVE C3.©

RORAW @, -B@

RDRAW ©, BO

NEXT 'K

RMOVE C3. 0

RDRAW 8, -D3

RDRAW @, D3

NEXT J

RETURN

MOVE Ce, D@

D2=-D3

B0=-B0

GOSUB 2548

REM %% LABEL TIME LINES

IMAGE 2D

Ba=(TO-T7T>/10

MOVE CO-4 1,01+l
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2740 PRINT USING 2710:7T7
27?50 FOR K=1 TO 10
2768 RMOVE C2/10.0
2778 PRINT USING 2710:T7+K+B4
2788 NEXT K
2790 RETURN’
2800 REM =% SUB: PLOT SYNTHETIC SEISMOGRAM
2810 WINDOW 1, N6, M1, M2
2820 VIEWPORT CO.Ci,Do+D4, D1-D4
2830 MOVE 0.0
2848 RDRAW N6, D
2850 MOVE .0
2868 CALL "DISP“.S
2870 WINDOW 9,120, 0,100 :
2880 VIEWPORT 9,120, 0. 100 ' . —
2890 MOVE 0,0 :
2990 PRINT
2910 RETURN
2920 REM % SUB: REPLOT SYNTHETIC SEIS WITH DIFFERENT SCALE
2939 PRINT "DO YOU WANT TO REPLOT WITH DIFFERENT SCALE? (Y/N)> “;
2948 INPUT Gs$
2950 IF G$="N" THEN 2979
2960 GOSUB 199@
2978 RETURN
2980 REM =% SUB: STORE SYN SEIS WITH AGC RPPLIED
2990 PRINT "_.DO YOU WANT TO STORE AGC’D SYNTHETIC? (¥Y/N>.";
2880 INPUT Gs
3018 IF Gs="N" THEN 3040
3020 S#="RGC'D “&S$
3030 GOsuB 21180
3040 RETURN
3059 .REM *= SUB: RERDY TO PROCEED
3066 MOVE ©.6
2070 PRINT "ARE YOU REHDV TO PROCEED? (Y/N> "
3088 INPUT Gs
3898 IF Gs=“N" THEN 3070
3100 RETURN
3110 REM #* SUB: STORE SYNTHETIC ON TARPE
3120 PRINT “G.G_G_INSERT MDT IN 4524 FILE NO. = Y’
3130 INPUT F2
2140 L2200+10% (N2+NS+L1)
3150 L2=INT(L2/256+1)>%256
3160 PRINT “LENGTH OF FILE REQUIRED = “;L2
2170 PRINT “1S FILE LENGTH SUFFICIENT? <¥ OR N>
3180 INPUT G$ .
2190 IF Gss="Y" THEN 3230
22008 PRINT “"G_G_G_INSERT SSDT IN 4051"
3218 GOSUB 3070
2220 FIND F2
S220 MARK 1, L2
3240 PRINT “G. G_G_RETURN S5DT TO 4924
2250 GOsuB 3ervo
2260 FIND @2:F2
3270 WRITE @2:N2. NS, R$. S$, W, FO, F1, L1, QZ, S1, 76, T9, W1. £
2280 PRINT 082, 2:.
3290 REM »» VERIFY TAPE HPITE
3300 DELETE N2, NS, RS, S8, Us, FO, F1, L1, 02, 51, 79, T3, W1, S
3310 DIM R$CSQ). S$(415, U$(SBD
2220 FIND @2:F2
3330 READ @2:N2., NS
2340 DIM SCNS), WL(N2D
235 READ @2 RS;SS;NS,FO:Fi,LlaQZ,SiaTG,TQaui.S
2360 T?=TO
33?0 IF Qi=2 . THEN 22590
2280 PRINT “DATR ARE STORED AND RETRIEVRELE FPOM FILE ";F2
:390 RETURN
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430

LISTING OF PROGRAM TO GENERATE FORWARD-MODEL DATA

PRINT “L_SYNTHETIC SEISHW GENERATE SAMPLE PROBLEM DATRA"

INIT

DIM AS(49), ”(13), CS(:B);D‘(G). Es¢i8d, 03(1). 1$¢16),S8(14), V$(S>

K1=1000

Fi=Q

P=34

PRINT *__DO YOU WANT TO HDRK IN THE METRIC SYSTEM? (Y OR N> *;

INPUT GS -

IF Gs="Y* THEN 250 .

D= fL*

Is=*ftxon/(msom?3)”

Ssa"fT. ft/ms, sa/CCc®

Vs="ft/ns"

zgx#; ;E;NDTE: ENTER DIST. =INTEGER FT; VEL. »FT/MS ; DEN =GM/CC"

;:i!? *--NOTE: ENTER DIST. »INTEGER M; VEL. =M/MS ; DEN. m=GM/CC"
..

Is$="keo/nT25>1016"

S$="n, w/ms, t-/c:'

Ve$="n/ns"*

PRINT *“__NUMBER OF LHVERS IN THE HUDEL = ®;

INPUT N1 .

As="SYN SEIS — SAMPLE PROB DATA FRDH MODEL. SECTION®

DIM ACNAD. DCNALY, RCNL)D, TCNLY, TACNALY, VCNL), VACNL), 2CN1D, 24¢NsD

REM == ENTER MODEL PRRAMETERS

PRINT “__LAYER NO. LHVER THICKNESS LAYER DENSITY LAYER VELOCITY"

FOR J=1i TO N1

PRINT * “ X . ) "5

INPUT 2¢O

PRINT "K. : "

INPUT DCID :

PRINT *K_ i ) . . . *;

INPUT V<O . . ’

NEXT J : . ’ o : .

REM =« COMPUTE IMP.., REFL TIME, REFL COEFF. DEPTH. & TRANS TIME/FT

IF Ds="ft* THEN 470 . '

Kiu304. 8

ACLIEDCLdeV(L)

AC2)=DC2>eY(2)>

TCLI=ZCLO/VCL)

Ti<1omKi/ V(L)

21¢1O>m2¢1>

FOR J=2 TO NA

ACIO>=DCI>NYCID

RCI=LO=CACII=ACI=1)>/7CACIIHACT=-L1)>

TLIDXSTCI=15+2¢T>/VCTD

T¢I >=KL/ V(I N

21¢J>m24C¢J=1>+2¢(I> .

-NEXT J

RC(N1O>=Q

T=2»T

N2=21C(N1)>

GOSUB 1400 :

PRINT *DO YOU WANT TO STORE RESULTS ON MDT? <Y OR N> *;
INPUT G .
IF G$="N*" THEN 9530

REM #»+ STORE RESULTS ON MDY

PRINT “G.G-G___INSERT MDT IN 4524 NUMBER OF SELECTED FILE = *;
INPUT FL

N3=8S5+10%(8xNL+2*N2)>

N3=INT(N3/286+1)>%2356

PRINT *LENGTH OF FILE REQUIRED = *; N3

PRINT *"DOES FILE MAVE SUFFICIENT LENGTH? (Y OR N> *;
INPUT GS

IF Gs=*"y* THEN 830
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790 PRINT "NUMBER OF FILE TO BE MARKED = “;
768 INPUT F1

770 PRINT "G_G.G.__INSERT MDT IN 4@51"

780 GOSUB 1680

790 FIND F1i

808 MARK 1, N3

810 PRINT "G.G.G.._INSERT MDT IN 4924" : .
820 GOSUB 1680 .

830 FIND 02:F1

840 WRITE @02:RS, S NL N2 A D,.D2, R T.TL. T2, ¥, 2, 24

8350 PRINT 82, 2:

860 REM =+« CHECK ON READABILITY OF STORED DATA

870 DELETE RS, S$, NLL N2 R, D,D2,R. T, T4. T2, ¥, 2. 21

880 FIND @2:F1 !

890 RERD 02:As, S$, N1, N2

900 DIM ACNAY, DCNLY, D2CN2), RCNAD, TCNLD, TACNAD, T2CN2>, VINLD, Z(N1>,21<N1>
910 READ #2:AR,D,D2,R. T, T4, T2, V. 2. 21

920 PRINT "DATA STORED IN AND RETRIEVABLE FROM FILE "; F1

930 REM == QUICK PRINT OF MODEL AND SAMPLE PROBLEM DATR

940 PRI JO?GJWTTOSEEHDDELHNDSBHPLEPROQLEHMTH’ v OR N> *;
INPUT Gs$

IF Gs="N" THEN 1260

S70 PRINT "DO YOU WANT TO PRINT ON 46427 (Y OR N> ",

980 INPUT Gs

998 IF Gs="y" THEN 10810

10008 P=32 . . .

1810 PRINT @P:“L_QUICK PRINT OF MODEL AND SAMPLE PROBLEM DATAR"
1028 PRINT @P:As; " NO. OF LAYERS = "; N4

1938 PRINT OP:“LAYER THICKNESS IN 'JD‘ “:w

1048 PRINT @P:2

1858 PRINT OF:“LAYER DENSITY IN ou/ec 1

1060 PRINT @P:D

1e7@ PRINT @P:°"LAYER VELOCIT? IN “sVv8;":"

1080 PRINT oP:V

1050 PRINT @FP: "LAYER RCOUSTIC IMPEDANCE IN “:; 1s; ":*

1100 PRINT @P:R

1110 PRINT @P:“REFLECTION TIME TO BASE OF LAYER IN msec:"

1120 PRINT @P:T

1130 PRINT @P:“REFLECTION COEFFICIENT:"®

1140 PRINT @®P:R

14150 PRINT @P:“DEPTH TO BRSE OF LAYER IH “; D8, %"

1160 PRINT oP:24 \

4478 PRINT @P-"INTRA~-LAYER SONIC-L0G TRHNSIT TIME IN m.croscc/n“
1480 PRINT @P:T1

1450 PRINT @P:"TRANSIT TIME/*;Ds;* FOR EACH "; Ds; * OF DEPTH"
1200 PRINT P : T2

1240 PRINT @P:"*__DRTA STORED IN FILE “;F1

4220 PRINT "__DO YOU WANT TO TABULRTE LOG DRATR? <Y OR N> *;

1238 INPUT Gs

1240 IF Gs="N" THEN 1260

1250 GOSUB 1680 '

1268 PRINT *__DO YOU WANT TO PLOT SIMULATED LOG DRTA? <Y OR N> *;
1270 INPUT GsS

4280 IF Gs="N" THEN 137

4290 GOSUB 1730

1300 GOSUB 1790

1310 GOSUB 2050

13206 GOSUB 2362

1230 GOSUB 2638

1340 GOSUB 2880

13350 GOSuUB 2100

1360 GOSUB 2200

1370 WINDOW ©. 130, 8, 100

13806 VIEWPORT ©, 13©., 0, 188
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139¢
1400
1410
1420
1438
1440
1450
1460
1470
1488
1490

1610

1630
1660
1670
i680
165e
1700
171e
i7ze
1730
1740
17%5e
1768
i77e
1760
17%e
1800
1810
1820
1838
1640
18358
1860
1870
1880
1850
1988
1918
1520
1930

1956
1960
1970

2008
2010
2020

MOVE ©. 4
PRI *DO YOU WANT TO REPLOT WITH DIFFERENT PLOT LIMITS? C¥ OR N> *;
INPUT G$

IF GS$="N" THEN 1452

T2wTO-T2

GO TO 1390

CALL "TIME".CS

PRINT "G.G.G.PROGRAM com.s‘reo " Cs

END

REM %+ SUB: COMPUTE TRANSIT TIME/UNIT DEPTH FOR ERCH UNIT OF DEPTH
DIM D2CN2), T2¢N2)>, V2(N2)>

L=e )

FOR J=1 TO Na

FOR k=1 TO 2¢J)

Lei+d )

T2<LI=KL/VCID> : -

D2¢LO=DCT) - :

V2CLO=VI)D

NEXT K

NEXT J _

RETURN : .

REM == SUB: TRBULATE LOG DATA

IMAGE 2X. 4D, SX. D. 2D, 11X, 4D, 8X. 2D. D

PRINT @P:*L_DATA RS IF A LOG HAD BEEN RUN"

PRINT @P:*DEPTH ¢*;D$; "> DENSITYC(sm/cc) TTCusec/ft> VELC(";VsS; *>*
FOR J=1 TO N2

PRINT #P: USING 1610:J,D2¢J), T2¢I), V2¢I)

NEXT J

RETURN

REM »= SUB: RERDY TO PROCEED

PRINT "ARE YOU RERDY TO PROCEED? (¥ OR N> "

INPUT Gs$

IF G$="N" THEN 1659

RETURN

REM »= SUB: COMPUTE RANGES

CALL *MIN*, D2, D7, 11

CALL *MAX", D2, D8, 12

CALL "MIN®, T2, 17,11

CALL "MAX", T2, T8, 12

RETURN

REM w SUB: ENTER PLOT LIMITS
MOVE 0. e .
PRINT o o

PRINT “ENTER PLOT LIMITS"

PRINT "__Derths ranse from @ to "; 24(N1>
PRINT * Min. dePth on Plot = %;.
INPUT 29 )
PRINT * Max. defth on Plot = *;
INPUT 20

PRINT * Derth tickmark tnterval = *;
INPUT M1

PRINT "..Dcnstt.tcs ranse from ";D7; " to *;D8
PRINT Min. density on Plot = ™;
INPUT DS

PRINT * Mox. density on pPlot = ™;
INPUT DO

PRINT * Density tickmark interval = %;
INPUT M2

PRINT *__Transit times ranse from ";T7;" to *; T8

PRINT "Min. transit time on Plot = *;
INPUT T9 .

PRINT "Max. transit time on Plot = %;
INPUT T

PRINT "Transtit time Tickmark int = *;
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2030 INPUT M2

2040 RETURN

2058 REM == SUB: PRINT HEADING, PLOT BORDERS. AND LABEL RXES
2860 WINDOW 0, 139, 8. 198

2080 PRINT “L_";As; " DATA IN FILE *;F4
2098 RESTORE 210

21808 DATA 10.68.706.126.10.90.1.8.2. 8
2119 READ B1, B2, B4, BS, Ca, C2, KS, Ké '
2128 Ns="DEPTH IN METERS"

2130 B3=B2-B1

2140 B6=B5-B4

21Se C3=C2-C1i

2168 MOVE B1.C2 -

2178 RDRAW B3, @

2180 RDRAK 0, -C3

2198 RDRAK -B3. 0

2208 RDRAW 6.C3

2210 MOVE B4, C2

22202 RDRAW B6., ©

2230 RORAK @, -C3

2248 RORAW —B6. 0 ’ .
2250 RDRAW 8, C3

2260 MOVE 0. S%(B1+B25-13=KS3, C2+K6
2278 PRINT " LOGGED DENSITY IN sm/cc*®
2280 MOVE 0. S»<(B4+BS5)>~-11%KS, C2+KE
2290 PRINT " TRANSIT TIME IN usec "
2308 MOVE 0, 8. S%(Ci+C2)+6. S=K6

2318 FOR I=1 TO LENCNS)

2320 F$=SEG(NS. I, 1> '

2338 PRINT Fs -

. 2340 NEXT 1

2356 RETURN

2360 REM w= SUB: PLOT AND LABEL DEPTH TICKHHRKS
2370 C4=C3/(20-29)> -

2382 HisMLixCINTCZ29/ML>+1)

23580 Gi=(H1-Z9>=C4

2400 MOVE Bi,C2

2440 RMOVE ~S. 4, ~8. K6

2420 PRINT USING “3D":29

2430 RMOVE S. 4, 8. 3=Ké

2440 RMOVE O, -G1

2450 GOSUB 23539

2468 FOR I=1 TO INT(C(20-29>/Mi)>

2478 RMOVE 8, -Miw=C4 -

2480 Hi=Hi+M1

2450 IF H1>29 THEN 2520

2500 GOSUB 2530

2516 NEXT I

2520 RETURN

2530 REM == SUB: TICKHRRK PLOTTING
2548 RDRAW 0. 2.0

2550 RMOVE B3-0. 4.0

2568 RDRAW 0. 2.0

2570 RMOVE 2.0

2580 RDRAW ©. 2.8

2598 RMOVE B6-8. 4,0 ’

T 2660 RORAW 0. 2.8

2610 RMOVE B1-BS-S. 4, -0. S=K6
2620 PRINT USING "3D":H1i
2630 RMOVE S. 4, 8. 5*K6

2648 RETURN
2650 REM »x SUB: PLOT AND LABEL DENSITY TICKMARKS

2668 C4=83/¢DO-D3>
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2700
2710
2720
273e
2740
2730
2760
2770
2760

2810
2820
2830
2040
28350

2070
2890

2910
2920
2930
2940

2978
2980

3e10
3020
3030
3040

3e60
3070
3e80

3100
3110
3120
3130
3140
3130
3160
3170
3180
319€
3200
3210
3220

T 3239

3240
323e
2268

- 3270

3280
3290
3300

Hi=M2wINTC(DS/M2)+1)>
Gi=(Hi-D9)>»C4

MOVE Bi.C1

RMOVE G1.8

GOsSuUB 2739

G0 TO 2818

REM == SUB: PLOT DENSITY TICKMARKS
RORAW 0,0. 2 ’

RMOVE 0.(C3-8. 4

RDRRAW ©.0. 2

RMOYE ~1. 2+KS, 0

PRINT USING *D.D":H4
RMOVE 1. 2+KS. 8

RETURN

FOR I=i TO INTC(D@-D9>/M2)
HeisHL+M2

IF Hi=>08 THEN 2879

RMOVE M2+C4, -C3

GOSUB 2730 -

NEXT I

RETURN :

REM »= SUB: PLOT AND LABEL TRANSIT TIME TICKMARKS
C4=B6/(TO~-T9)

HA=M3= INTCTO/MIO+1)
Gi=C(H1i-T9)>=Cq4

MOVE BS. C1

RMOVE ~G1.,@

GosuB 3820

FOR I=1 TO INT((TO—TS)/!B)
HisHi+M3

IF Hi=>T@ THEN 3010 .
RMOVE ~M3w»C4, -C3 -
GOSUB 3828

NEXT 1

RETURN

REM =% SUB: PLOT TRANSIT TIME TICKMARKS
RDRAN 8, 0. 2

RMOVE ©.(C3-0. 4

RORAK @, 0. 2

RMOVE —4. 2+KS, @

PRINT USING "SD":H4

RMOVE 4. 2%KS, 0

RETURN

REM == SUB: PLOT DENSITY VS. DEPTH
WINDOW D9, DO, 29, 29
VIEWPORT 81, 82.C1,.C2

MOVE D2<1), Z0+29

RDRAW ©, -1 .

FOR J=2 TO N2

RDRAW D2¢J>=-D2¢J-1), @
RDRAW G, -1

NEXT J

RETURN

REM == SUB: PLOT TRANSIT TIME VS. DEPTH
WINDOW T9.TO, 29,29
VIEWPORT B4, 8%, C1, L2
T2=TO-T2

MOVE T2<1>+T9, 20+29

RDRAW @, =1

FOR J=2 TO N2

RDRAW T2¢J>=T2¢J=1).,8
RDRAW @, -1

NEXT J

RETURN
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